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EXECUTIVE SUMMARY

This study 1s concerned with the development and validation of a
shipboard noise exposure data acquisition procedure. This pro-
cedure represents a first step in the overall framework for a
Navy Noise Exposure Data Management System.which is discussed in
the text. GThe immediate purpose of this data collection process
is to provide for standardized measurement techniques that may
be used by varlous Navy unlits concerned with occupational noilse
and hearing conservation. This noise data base, when computer-
1zed, can be used in concert with the shipboard nolse exposure
model developed in an earlier study\EIS to assess the magnitude
of the overexposure problem on individual ships, ship classes
and ultimately the entire fleet. The benefits of this approach
are gulidance in the development of hearing conservation and
educational programs, and in the assessment of noise control
priorities in the fleet. Future extensions of the data manage-
ment system include:

1. The assessment of audiometric data together with the noise
exposure data as a function of personnel rates and,

2. Extension of the system capabilities to other occupational
hazards such as heat stress.

J
The results of this study, which was conducted on 12 ships of
the FF-1052 (Knox) Class,“showed that standardized measurement
techniques consistent with the requirements of the data base can
be successfully collected by Navy personnel (Environmental
Preventative Medical Units). Both the time required to perform
each survey and the quality of the data collected by the EPMUs
meet with the original goals of the study}\
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The validation of the data base was conducted based on the
analysis of the "auxiliary steaming" operational mode of 12
ships. Noise exposures for various engineering rates were
computed using the analytic model and compared with an indepen-
dent data set collected using dosimetry. The results of direct
comparisons show substantial discrepancies. These are due most-
ly to a lack of consistent definition in the pérsonnel assign-
ment data and the proximity of the calculated nolse exposures to
the threshold established by the BUMED noise standard. 1In
retrospect, the selection of the "auxiliary steaming" operation~
al mode was unfortunate in the validation effort. It 1s be-
lieved that comparisons for an "underway" operational mode would
yileld significantly more consistent results.

It is recommended that a limited validation of the "underway"
mode be conducted. Furthermore, it is recommended that the data
base be computerized, at least for the FF-1052 (Knox) Class and
that all EPMUs utilize the data acquisition procedures when sur-~
veying this class.
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1.0 INTRODUCTION

The research reported here has been supported under the Office
of Naval Research Contract N0OO14-78-C-0408 with funds provided
by the Naval Medical Research Development Command.

1.1 Historical Review

The U.S. Navy has been concerned for many years with the noise
environment to which i1ts personnel are exposed on-board ships
and at Navy ground installations. To that effect, various
shipboard noise standards, like the BUMED INST 6260.6 series,
and more recently, the DOD INST. 6055.3 have been promulgated.
The U.S. Navy Medical Department also performs audiometric
examinations on personnel entering the Navy and then at subse-
quent stages of their duty. The objectives of the noise
standard and the hearing examinations are the prevention and
early identification of occupationally induced hearing loss.

Measurements conducted on-board ships, and especlally in engi-
neering spaces, indicate that the high noise levels present may
potentially result in substantial hearing loss and subsequent
compensation. Although a significant effort has been expended
over the last several years by the Navy to measure and control
shipboard generated noise, no personnel nolse exposure data
collection and evaluation system is currently available. Noise
exposure data are rarely computed since this involves a rela-
tively complex process, especially in shipboard environments.
The complexities are due to the varied operational character-
istics of ships (and thus of the machinery responsible for the
noise) and the difference in personnel work assignments for
different ship operational modes.

Furthermore, audiometric data are normally restricted to the
individual's medical record and no data concerning correlation
between high noise exposure occupations and hearing loss trends
are available.

1-1
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1.2 Program Objectives

The need for a noise data base system clearly exists. The
method of solution suggested here is the development of a
shipboard nolse exposure data management system that may be used
by the Navy, at all levels of enforcement and hearing conserva-
tion planning, to monitor and quantify the nolse exposure
problem in the fleet.

A model that could serve as the central core for such a system

: has been previously developed under sponsorship of NAVMAT [1]%. !
' The objective of this first phase of the work reported herein is
to develop and validate the data acquisition system to the ‘
model. Specifically, the main objectives of the program are: i

1. To evaluate the Navy procedures and capabilities in the
area of nolse data collection,

; 2. To develop the methodology for the data acquisitlion system
' based on the Navy capabilities, ang,

e
[

3. To validate the accuracy of the data acquisition system
and the nolse exposure model. i

Loy
[

It should be noted that although the major emphasls of the
proposed work is the description of the hearing loss hazard -~
noise -~ other occupational health hazards such as heat stress i}
may also be approached in a similar manner.

QD)

® The subject of occupational noise aboard ships has been

addressed to some extent in a recently completed study entitled, ?
"Occupational Noise Exposure on FF 1052 (Knox) and DD 963 ;
(Spruance) Class Ships." This report which concerns itself only
with the nolse exposure in engineering spaces, points out the )
deficlencies of the present data acquisition system, and
suggests a method for solution.

Numbers in [] concern references listed at the end of this
report.

[T
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1.3 Program Constraints

The pursuit of the above objectives was conducted under the
following constraints:

1. The data acquisition procedures were designed around
acoustic equipment currently available in the Navy.

2. The data acquisition supportive of thils program was per-
formed by the Navy Environmental Preventative Medicare
Units EPMU in the course of their normal duties. To 1limit
the time necessary for the surveys, only the In-Port
operational condition (auxiliary steaming) was evaluated.
Furthermore, only engineering personnel active in mach-
inery spaces were included since these groups are believed
to be exposed to the highest nolse environment.

l.4 Report Organization

This report 1s organized as follows: Section 2 discusses the
broad outline of the data management system, its elements, the
analytic model on which it is based and the specifics assoclated
with the shipboard occupational noise exposure application.
Section 3 discusses the development of the data acquisition
procedures, the organization and the fleld data collection
history. Section 4 presents the survey results, the analysis of
the analytical model predictions and comparisons of the results
with dosimetry measurements conducted to validate this
methodology. Finally, Section 5 summarizes the results and
limitations of this study and presents recommendations.

1-3
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2.0 THE NOISE EXPOSURE DATA MANAGEMENT SYSTEM

2.1 Background

The fundamental obJective of the Navy Hearing Conservation
Program 1s the prevention of occupationally induced hearing
loss. However, to date, no system exists for evaluating
consistently the magnitude of the shipboard noise exposure
problem, ldentifying hazardous occupations and identifying
unsafe work areas.

Noise exposure rather than nolse level is the critical quantity
in hearing conservation. Noilse exposure is the time integral of
nolse level over an individual's duration of exposure, calculat-
ed with an appropriate exchange rate between level and time.

The critical point here 1s that nolse exposure relates to an
individual (or individuals performing the same job in specified
locations), not solely to the noise levels in a particular
space. Thus an important input to a nolse exposure data base
system 1s the 1dentification of the time spent at various
locations by individuals having a certain Jjob classification.
Note that these data are fundamental to any time and magnitude
dependent environmental hazard such as nolse, heat stress or
airborne toxic agents.

The lack of noise exposure data found in the previous study [1]
is not surprising since the computation of nolise exposure is not
a simple process. Briefly, this process involves the under-
standing of the relatlonship between two variables: (1) the
nolse hazard and how 1t varies from location to location on the
ship, and (2) the personnel work assignment or duty as a func-
tion of location and time spent. The situation is further
complicated by the various operational modes of the ship which
effect both nolse hazard and personnel assignment.
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Before we discuss the specific questions investigated in this
study, a general overview of the occupational noise exposure

data management system as it 1s envisioned at this time is in
order.

Why 1is there a need for a nolse exposure data management
system? In addition to the ablility to evaluate the noilse
exposure accurately, the system provides for a standardized
method for acquiring and compiling exposure related noise data
which in turn permits the pooling of information from various
sources for an overall Navy analysis. This approach also
permits the assessment of not only individual ships but ship
classes, changes in the ship class as a function of time and
recondlitioning efforts, comparisons of a ship to its class, and,
by analyzing the input information, the identification of the
ship spaces (or locations) which contribute most to the
overexposure problem. However, the most persuasive argument for 1
the data management program is the abllity of the system to

bring together, for the first time, shipboard nolise exposure

data and audiometric data. This last factor, when operational, }g
will help the Navy to plan not only more effective hearing

conservation programs, but also to develop the optimum strategy {3
for noise control in present and future ship classes. The
general exposure data management system extends beyond the $§
purely shipboard application and even beyond the occupational L
nolse exposure application. The extenslons to the basic model

are summarized in Sectlion 2.3. The application to the shipboard {J
occupational nolse problem and the specific development of the

data acquisition procedures lnvestigated in this study are i
discussed 1in Section 2.2.

2.2 The Shipboard Occupational Noise Exposure Problem w
The shipboard nolse exposure and assessment model developed in ]
the previous study (1] was formulated to evaluate the I
Y

)

2-? }
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occupational noise problem in two ship classes. This model,
which for completeness is repeated in Appendix A,* can be ex-
tended to the entire fleet. The purpose of this study is to
explore the acquisition problems associated with the data input
needs of the model. That 1s, what type of data base is required
to achieve outputs which are responsive to various Navy
echelons? Can this input data be collected by Navy personnel?
What 1s the accuracy that may be associated with this

procedure?

The approach used to establish the data needs was to identify
the type of results that are desired for a Navy-wlde applica-
tion. Some of these results are oriented around the local re-
quirements where regional Environmental Preventative Medicine
Units (EPMU) inspect an individual ship and advise the ship's
C.0. of infractions and potential problems. Other results may be
oriented towards the Headgquarters level where evaluations of
trends in ship classes, Jjob categories, and hearing loss are
desired. The baslic capabilities of the system as envisioned
presently are as follows:

1) To compute the noise exposure of shipboard personnel as
prescribed by existing Navy Nolise Standards.

2) To identify Navy personnel with excessive noise exposure
based on the job classifications or duty.

3) To identify and classify shipboard spaces or locations
which most contribute to the noise exposure problem and
to provide for a method for rank-ordering these according
to exposure.

* The reader 1s encouraged to review the detalls of the model
in Appendix A to better understand the following discussion
and the dimensions of the problem.

2-3
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To allow for the assessment of the benefit generated
(reduction of noise exposure ~- not noise level) by the
introduction of specific nolse controls on a given ship
or class of ships.

5) To provide a method for the collection and analysis of
audiometric data as a function of Job description.

6) To allow the computation of noise exposure based on
other than previously approved guldelines. For example,
the exposure of job classifications over a typlecal
24-hour day for a number of ship operating modes over a
year, or tour of duty, etc.

Based on the above discussions the basic elements of the ship
nolse exposure data management system are shown in Figure 2.1 as
follows:

1) Input parameters. The input parameters are represented

2)

3)

)

- e -

a description of the hazard (noise level), the descrip-
tion of the personnel work assignments for all ship oper-
ational modes, etc.

Analytic Models. The analytic models are represented by
the mathematical and statistical relatlonships used to
analyze the input data and arrive at the desired output
parameters.

Data Bank Systems. The data bank system 1s represented
by the software, hardware, software maintenance, and
retrieval systems necessary to computerize the process.

OQutput Parameters. The output parameters are represented
by the Navy-wide requirements for hearing conservation,
planning, and shipboard nolse abatement.

2-U
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As indicated in Figure 2.1, the input parameters, in terms of
the data type, quantity, format and method of acquisition are
defined, to some extent, by the desired output parameters. For
example, a requirement to compute a 24-hour noise exposure
would necessitate noise and personnel assignment data for the
entire 24-hour period instead of only the work hours. Similarly,
if year-to-year improvements or changes in nolse exposure are to
be assessed, the input data must reflect the date of acquisition
and must be stored accordingly in the data base system.

Central to the success of a Navy shipboard nolse exposure data Aj
management system is the method by which the data are collected.
At the present time most of the personnel nolse exposure evalua-
tions are conducted by “he regional EMPUs which are located at
various major Navy certers In the US and abroad. The subject of
the specific procedurez that the EPMUs follow in the data
acquisition process 1: Jiscussed further in Section 3.

In general the EPMUs conduct regular inspections of ships in

thelr region. I.. the case of noise their mission is to iden- ;j
tify noisy locations above 85 dBA and in some cases the causes
of excessive noise, and to advise the ship's C.0. of the ship's
status. As will be shown later, although the EPMUs purpose 1s
to inspect the ship for nolse exposure, they limit their .
measurements to quantifying the noise levels at varlous ship S
locations. At the present time the EPMUs do not routinely o
translate these physical measurements into comprehensive :

descriptions of personnel noise exposure. It is the intent of
this program, through the Noilse Exposure Data Management System,
to adapt the present EPMU data collection practices to fulfill
the data input requirements that will allow the computation of

noise exposure. One of the main objectives of the work reported 1
herein 1s to demonstrate the practicality and validity of the
input data acquisition process using present EPMU capabilities.
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2.3 Elements of the Noise Exposure Data Management System

The elements of the General Personnel Navy Exposure Data Manage-
ment System and 1ts posslible extensions are shown in Figure 2.2.
The matrix format 1s presented in terms of the four system
elements discussed previously. Three of these elements, the
input parameters, the analytic model, and the definition of the
output parameters for the shipboard occupational noise exposure
problem are the subject of the present work. Element number
three which 1s concerned with the computerized version of the
Shipboard Nolse Exposure Model is not included in this phase and
is discussed only 1n general.

The obJjective of the matrix presentation i1s to provide a picture
of the possible extensions to the Shipboard Noise Exposure Data
Management System which may be desired in terms of the output
parameters and to show the interface that exists among the
various elements of the system. For example, the extension of
the Occupational Nolse Exposure Assessment to watercraft and
shore facilitlies 1s shown as a simple modification of the data
collection procedures and an upgrade of the analytical model and
software to account for the difference in the physical environ-
ment in that application. The resulting outputs will be ldenti-
cal to the shipboard application except that now Jjob classifica-
tions and operational modes in watercraft and shore facilitiles
wlll be consldered.

The overall noise exposure application simply extends the capa-
bility of the system to acecount for the nolse exposure percelved
in other than working environments. This application is espe-
clally important in shipboard environments where the crew may be
considered as a captive audience and the relief from high noise
levels in other than work spaces i1s sometimes only minor. This
application would allow the computation of a 24-hour day nolse
exposure parameter as a possible output. Current proposed

2=-7
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standards by the U.S. Coast Guard and by IMCO (International
Maritime Organization) tend to suggest that the shipboard
application problem in terms of hearing loss should be looked at
on a 24-hour basis rather than only on the workday hours.

One important parameter of concern in the hearing conservation
program which was mentioned before is the use of audiometric
data to monitor the effects of the nolse hazard. Which
occupations are the most hazardous from the point of view of
noise? At the present time the audiometric data collected is
stored and used at the individual's level or command only. That
is, the data, when available, are part of the individual's
medical record and are not, to any extent, used on a Navy-wide
basis to define hazardous occupations. This information,
however, in concert with the nolse exposure data could, and
should be used, to formulate hearing conservation and education
programs to evaluate and validate the long term effects of noise
control actions and to define priorities in noise control
efforts. The format of the shipboard nolse exposure model lends
itself to the storage of audiometric data along with the
description of the individual's as ignment. While it is not
envisioned that individual historles can be monitored in this
manner, statistical trends of Job asslignments can be easily
derived as a functlon of length of duty, ship class, etc.

Of special interest, therefore, is the potential audiometry
application of the data management system to monitor audiometric
data for the same Job classifications, compute hearing loss
trends, and correlate hearing loss with nolse exposure results
for the same population groups. Note that the relationship
between the audiometric model and the shipboard noise exposure
model must be established so audiometric and noise data for the
same population groups may be considered.
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The analytical models for the shipboard-shore facility noise
control and other occupational hazards (time and magnitude
: L dependent) have already been developed in Reference 1. The
' only requirement for these applications to the system are the

input data type and procedures which are necessary as shown in
; Figure 2.1.

| Each one of the above application extensions to the basic

; shipboard Noise Exposure Data Management System 1is independ-

; ent. Therefore a selection of one or more applications to be

‘ added to the system may be made in any desired sequence and at
any time as the need arises.

——
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3.0 DATA ACQUISITION PROCEDURES AND MODEL VALIDATION

This section of the report presents the procedures developed for
the collection of noise and personnel work assignment data.

Also included 1s a description of the methodology used to vali-
date the results of the model and the specifics of the data base
required.

3.1 Data Input Requirements

3.1.1 Selection of Ship Class

As described in Appendix A the shlpboard nolse exposure model 1is
based on the assumption that the steady state condition can be
described for both the hazard (nolse levels) and the operator
duty (personnel assignment). To accomplish this, both the ship
class and the ship operating mode has to be constant. The
selection of the FPFP-1052 (Knox) Class was based on two consider-
ations:

(a) previous experlience with this class which was investigated
under a separate study [Ref. 1], and

(b) the large number of vessels 1n this class operational in
the fleet.

This last consideration was especially important since the
avallability of ships of the same class for the special surveys
to be undertaken was of prime importance.

3.1.2 Selection of the Ship Operational Mode

In order to maximize the use of the data base collected a single
operational mode was selected. The selection of the "auxiliary
steaming"” operational mode meant that all measurements could be

3-1
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performed while the ship was in port. Since the bulk of the
data acquisition program was to be performed by the Environ-
mental Preventative Medical Units (EPMU), this approach would
limit the time required for the data collection process and
control costs. It was estimated that each ship could be sur-

veyed "in port" during an 8 to 12 hours period while a similar ’J
survey of "underway" operational mode would require a minimum of .
two days or more depending on the length of the trip. Further- .
more this selectlion would preclude extensive travel by the EPMU ‘J

personnel participating by choosing ships which were in the port
where the units are based.

3.1.3 Number of Ship Surveys Required : U‘
Based on the FF-1052 Class nolse data collected in Reference 1, .

a preliminary assessment of the expected data variability (from =
space to space and from ship to ship) was made. This informa-

tion was used to estimate the number of ships that would be
required in order to provide a statistically significant sample
for this program. The minimum number of independent sample
ships required was found to be 12. Based on this requlrement it
was estimated that a perlod of 3-months would be sufficlent to
collect the field data.

3.2 EPMU Procedures and Capabilities

At the onset of the program two regional EPMU units were
selected to support the data acquisition program. These were

1. EPMU-2 based in Norfolk, Virginia, and

2. EPMU-5 based in San Diego, California.

With the assistance of BUMED the Commanding Offlcers of the two
units were contacted and a general agreement to conduct the

w - - - R e >
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surveys was galned. As a first order of business an introduc-
tory visit to each unit was undertaken. The objective was to
establish their capabilities in the area of noise and become
familliar with the general procedures used by the units in the
performance of nolse surveys. It was also desired to determine
the level of tralning and instrumentation available to these
units since the objective of the data collection system was to

design the methodology around exlsting procedures. The results
of the initial visits can be summarized as follows:

1.

EPMU units conduct nolse surveys either in port or under-
way at the request of the ship's Commanding Officer.

These surveys are normally oriented around measurement in
nolsy ship's areas and 1n most cases involve surveys of

the engineering spaces 1in question.

No Navy-wide coordinated system for nolse data acquisition
exists among the EPMU units. Each unit, over time, has
developed their own procedures of how to conduct the
survey and what data to collect.

In general nolse levels are acquired only at locations
where noise levels exceed 85 decibels. (Prior to DOD
Instr. 6055.3 this cut-off was generally at 90 decibels.)

There are no standardized measurement locations at which
levels are acquired. That 1s, although some consistency
in the general procedure that each EPMU unit follows was
found, the specific locations surveyed in each space and
the number of measurements selected depends to a large
extent on the individual conducting the survey. Also, the
ship's operational conditions, although in most cases
noted, is not uniform. Thus, while most of the available
data are collected "underway", differences due to ship's
speed are normally not taken into account. In general,

3-3
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the tendency was to measure at locations where noilse
levels were the highest (worst condition).

6. Surveys were normally limited to noise measurements at
one or more locatlons within the engineering spaces
without regard as operator location or duration of
exposure.

7. Equipment avallable to EPMU units is usually limited to
Type 2 sound level meters.

3.3 Development of Data Collection Procedures

This sectlion describes the general process followed in the
development of the Sound Survey Forms used durling the survey and
the procedures used to acquire the data.

3.3.1 Noise Survey Forms

The main objective in the development of the Sound Survey Forms
was to provide a standardized format for a data acquisition
system that would be consistent with the information required in
the shipboard noise exposure model (Ref. 1) and with the
general procedures and capabilities of the EPMU units. With
this in mind the Sound Survey Form 1n Appendix B has been
developed. This form was developed for each one of the engi-
neering spaces (or subspaces) of concern. A sample page is
shown 1in Figure 3.1.

Figure 3.1 shows the form developed for the Engine Room-Lower
Level. Similar forms have been developed for the Engine
Room-Upper Level, Engine Room-Second Deck, Fire Room-Upper

Level, Fire Room-Lower Level, Fire Room-Second Deck, Auxillary
Room #l-Lower Level, the Auxiliary Room #1-Upper Level,
Auxiliary Room #2 and finally for the FD-Boiler Room 1A,
FD=Boiler Room 1B and the After-Steering Space.
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The front part of the form 1s sub-divided into four distinct
areas. These are:

Ao &

1. General information,

2. Operating conditions,

3. Sound level data,
4, Personnel assignment data.

The back of the form contains supportive information to the
survey requirements identified in the front.

It should be noted that the general elements of this form are
common to any ship class that may be surveyed. However, the
details, especially those assoclated with the number of acoustilc
spaces ldentified, the selection of measurement locations and
the machinery layout arrangements, are unique to the FF-1052

Class.

. It is hoped that some version of a Sound Survey Form like the
i one suggested here will be adopted for all EPMU units and that :
comparable forms be developed for each ship class in the fleet.

3.3.1.1 General Information

The general information part of the survey form contains the
basic identification data for the ship surveyed. Such informa-
tion as the ship class and the space designation are contained
. here as shown in Figure 3.1. The ship name, survey date, time
: of day and type of instrumentation used 1s also identified.
This information 18 necessary to not only identify the ship but 1
7 also to make the attached information useful in later analysis;
for example, when this ship 1s compared to itself at future

" I i e - e — —ap— -
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£#1062 Cla SOUND SURVEY FORM Poge 1 6112
—
(\ CODE GENERAL INFORMATION CODE OPERATING CONDITIONS
Ship’s Class FF1062 KNOX Readiness @ Cond. 10 Cond. IO
Space Surveyed Engine Rm. Lower Level Cond. IVOCond. VO
Ship’s Name Operating Mode .
Survey Date L/ (a) In-Port Cold Iron m]
Time of Day Aux. Steaming O i
Inspected by {b) Underway Speed kts
Meter Type Shaft —_____rpm
Serial Number
SOUND LEVEL DATA
LOC. | MEAS. | deA  |INTERQ® COMMENTS @ LOC. |[MEAS. | ¢BA |INTER. COMMENTS
CODE | LOC. ? CODE| LOC. ?
EL1B ELG
EL2B EL?
EL3
EL4
‘ ELS

PERSONNEL ASSIGNMENT DATA

LOC MEAS.OI BILLET' RATEq WEARdWATCH HRS./DAY AT LOC.OI COMMENTS®

cope| woc. | TITLE PROT. | STAND
? ? WORK | WATCH

RO

——

Figure 3.1 1Illustration of the Sound Survey Form
3-6
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L.O,

sHD 107

o
Main L. O. Ser. Pump

folc]

Tonk #2

Storoge | L, O. Storoge
’ Tonk ‘sl

Fire Pump No. 3

Main Condensate Circulation Pump No. 1
Main L.O. Service Pump 1A

Main L.O. Service Pump 18

L.O. Purifier No. 1

Distillate Feed Pump No. 1

Distillate Feed Pump No. 2

Drainage Eductor

Emergency F.O. Transfer Pump

; 8HD 97
’ DEFINITION OF PERSONNEL RATES DEFINITIONS & AMPLIFICATIONS
'i RATE RATE DESCRIPTION DIVISION
- MMC  Machinist Mate - Chief A @ Resdiness Cond. |- Genersi Quarters
! MM1  Machinist Mate - 1st Class A Cond. 11 - Wartime Steeming
4 MM2  Machinist Mate - 2nd Class A Cond. |V - Pescatime Stesming
j MM3  Machinist Mate - 3rd Class A Cond. V- In-Port '
MMFN Machinist Mate - Fireman A @ tnter.? Stands for s the noies leval intermirtent?” The ques
EN Fireman A tion mark (?) requires & “ves” or *“no” answer. Inter-
mittent noise is defined es the sound genersted by
I BTCM Boiler Tender - Master Chief B machinery which is eycied on and off end results in
. BT1 Boiler Tender - 1st Class B lerge fluctustions in noise levels (more than B dBA).
BT2  Boiler Tender - 2nd Class B @ Comments Should be used to note faulty machinery of sny other
: BT3 Boiler Tender - 3rd Class B factor :h:;‘. by mm; nw':t responsible :t:r "
l BTFN Boiler Tender - Fireman B :':'“"" nment et the messurement locs-
! EMC  Electrician Mate - Chief E ® Wos. Lec. Enter the sound level messurement symbol which is
v, EM1  Electrician Mate - 1st Class E located ci08est 10 the individual’s pasition (see Figure).
| EM2  Electrician Mate - 2nd Class E ® Rets Enter individusl's rate sbbrevistion as shown on the
. EM3  Electrician Mate - 3rd Class E personnel ate table; L.e. Boiter Tender, First Clam-
} EMFN. Electrician Mats - Fireman E ® BT,
: . . : Weer Prot. ? Stands for “is the individual wearing personal heering
| :::?s mf":‘t :‘" ?“g Chief : protection?” such ss esrplugs or sermutis. The question
s 2 Moch‘:I:: M:: . 2;:’ Cl.::s M mark (?) requires sn “yes" o “no’ enswer.
! i . -
i MM3  Machinist Mate - 3rd Class M D Wemh Sund T Stanch for "o he indivicuet o wvesh stsnder or » werch
[ MMEN  Machinist Mate - Fireman M e o, uestion
FN Fireman M @ Hn/DayatLec.  Enter the number of hours (to cloesst % hour) that the
3 individusl works st location, If snewer is “yes” 10D
onter number of hours spent es 8 watch stander at lo-
eation,
@ Commenn Should be Uted to describe work task when eppropriste.
3=7

IFF1°§2 Class
SPACE: Engine Rm. Lower Level
l[ MACHINERY LINE-UP (OPTIONAL)
’ l ain Soling Tesk 5 g CODE DESCRIPTION ON{v)
{ ; Main Reduction Gear [
} l o Main Condensste Pump 1A
‘ 5':""" ‘hg’ Main Condensate Pump 18
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times or when it is compared to other ships of the same class.
Note that a column marked "Code" 1s located to the left of
General Information section as well as the other sections in the
form. This column is designed to eventually carry the
designation code to be used in a computerized version of the
model for storage and information retrieval purposes.

3.3.1.2 Operating Conditions

The operating conditions section of the Sound Survey Form con-
tains the basic information necessary to identify the operating
condition of the ship. This is necessary since, as pointed out
in the discussion of the model, both the sound level and the
personnel assignment data are belleved to vary depending on the
operating condition of the ship. The informatlon required 1is
self-explanatory. In addition to the readiness, the operating
mode of the ship 1s noted as "cold iron", "auxiliary steaming”
or "underway"; in the case of the latter, the speed and shaft
rpm are also noted. Further identification of the readiness

condition is provided on the back of the form under Item 1. 2:
3.3.1.3 Sound Level Data I:A

This section of the form contains the basic sound level data to
be acquired. FEach location to be surveyed is 1dentified under
the column called "Measurement Location" with a specific code ,
number. In the case of the Engine Room-Upper Level, eight such i}
locatlions have been i1dentified. 1In order to assure that the .
measurements are taken always at the same locations, a floor \§
plan of each space is provided on the back of the form and each
measurement position is identified by the corresponding code

number. Spaces for the noise measurements, the type of noilse

levels measured and comments are provided. Further definitlions
and amplifications to the noise data are provided on the back of
the form under Items 2 and 3. The objective, here obviously, is

.- - . - e
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to assure repeatablility of measurements that are made under the
same conditions, 1n the same location and in the same manner.
Finally, the back of the form contains a machinery line-up.
This information, which 1s optional to the survey procedure, is
designed as a check of the major machlnery items which are
operating in the space at the time of the survey. Large
variability in nolse levels from ship to ship or for the same
ship could be explained with this information, by noting if the
same equlipment line-up 1s operating.

3.3.1.4 Personnel Assignment Data

The final entry in the Sound Survey Form 1s entitled "Personnel
Assignment Data" and deals with the amount of time different
engineering personnel spent at various locations in the
englneering spaces. In other words, the objective of this
sectlon 1s to acquire data that may be used to establish a
statistical time-motion description of all engineering personnel
work assignments on the ship. The design of the form 1s based
on the premise that engineering personnel spent thelr working
hours in one of two job assignments: a) as a watch stander, and
b) as a worker. Thus, during the survey, when an englneering
division person is identified, the surveyor would determine the
closest location in the space at which the operator is standing
and enter the proper measurement locatlon. Then, he would
proceed to question the individual as to his identification
information, such as his billet title and the rate. Finally, he
would determine the particular details of the individual's job
at the time, specifically, the amount of time spent at this
locatlion. For example, if the individual 1s a watch stander, he
will proceed to identify the length of the watch, and the number
of hours for that assignment will be entered under "watch". If
the individual 1s performing a work task, say cleaning, the
number of hours that he performs that work at that location will
be entered under "work". Comments are provided for additional

3-9
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data. The back of the form contains a number of definitions of
personnel rates and other support information necessary to
complete ‘he form in the proper manner (see Items 4 through 9).
Further explanations on the actual procedure for the data
acqulsition process are provided in the next section on survey
methodology.

3.3.2 Survey Methodology

In support of the noise survey forms discussed in the previous
section a shipboard sound survey procedure was also developed.
The obJjective of this procedure was to take the user (EPMU
personnel) through a step-by-step procedure on how to use the
noise survey forms and how to acquire the required sound level
and personnel asslignment data. Emphasis was placed on the
actual measurement procedure and personnel assignment data
acqulstion process. Speclal survey techniques were developed in
order to ensure that uniform sound level data measurement
procedures would be used by different individuals and different
units within the Navy participating in the program. Attention
was also placed in explaining the personnel assignment data
acquisition process since this type of information is a new ,
requirement and 1s not a part of the typical EPMU surveys. The .-
key to this end 1s the 1ldentification of engineering personnel 7
and the time spent at the sound measurement location where they i;
were found. The complete "Shipboard Sound Survey" procedure 1is
shown in Appendix C.

— e

[N,

3.3.3 Special Study Requirements

As was pointed out, the acquisition of data on the operator duty

or personnel assignment for a typical survey would be limited
only to the individuals present in the space during the sound
level survey. No effort should be expended to locate all engi-
neering personnel assigned to each space. This approach, in
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most cases, precludes the identification of all engineering
personnel and certainly the establishment of the entire dalily
nolse exposure for each individual. Under normal survey condi-
tions, reliance on information from many ships in the same class
is placed to establish statistically valid operator duty
assignments. However, in order to increase the data base
available for this particular study, the EPMU personnel were
also asked to undertake an independent personnel assignment
survey following the routine procedure Just described. This
independent personnel assignment survey was designed to
establish the entire day's personnel assignment data for all
englineering personnel on the ship. Thus, although the normal
procedure rellied on the statistics of many ships measured to
describe the daily work assignment of various personnel ratings,
this study required a full documentation on the personnel
movements 1in order to evaluate the accuracy of the method with a
limited data base.

3.4 Experimental Validation of the Data Base

The validation of the analytlical nolse exposure model and the
data base collected was untertaken through the collection of an
independent set of noise exposure measurements. These measure-
ments were collected concurrently with the acquisition of the
data base through the dosimetry measurements of engineering
personnel. Table 4.1 contains the summary of the ships in which
dosimetry measurements were acquired. Whenever possible the
dosimeter measurements were oriented around the fireman (BT)
rate in order to maximize the amount of data acquired in the
limited sample of individuals, thus allowing us to develop the
proper statistics for comparison purposes.

3.5 PField Data Collection

This section describes the data collection undertaken during the
field survey part of the program.

3-11
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3.5.1 EPMU Briefings

: As a kickoff to the data collection process conducted by the two
? EPMU units, a one-day briefing was organized both in the San
Diego, California and in the Norfolk, Virginia facilities. A
half-day session on the data collection system procedures and
the sound survey form was organized. In both cases all EPMU

i ‘ personnel assoclated with nolse level measurements participated.
t i The objective of these briefings, 1n addition to explaining the
’ ; forms and the procedure, was to acquaint the units with the

; objectives of the program and to explain the basic concept of

E the analytical model on which it was based. Preliminary plans

i for getting access to the ships and potential measurement
schedules were also developed during thls period.

3.5.2 Data Collection Problems and Time Delays

The original three-month time assigned for the collection of
data on 12 FF-1052 ships was eventually extended to a period of
over two years. The difficulties encountered in finding and
receiving permission for ship surveys 1n this class were many.
However the most important ones can be summarized as follows:

ad

M
)
i
!
-

j 1. The selection of the auxiliary steaming operating condi-
‘ tion proved to be a very severe stumbling block. It was
found that ships rarely stayed in that condition for any -
extended period of time and thus it was difficult to plan f;‘
ahead as to the specific time that condition would be .

available. In many cases ships that were due to be sur- o

O

veyed had changed their orders and were elther underway
during the date of the survey or the auxiliary steaming
condition could not be maintalned for a sufficlent length
of time to perform the measurements.
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2. A further problem associated with the auxillary steaming
operating condition was that when ships were found in that
condition, many of the engineering personnel who would
typically be working in engineering spaces in an underway
mode were assigned to other dutles on the ship or were on
leave from the ship.

3. In several cases it was impossible to gain the approval of
the Commanding Officer to perform the survey.

These lengthy time delays created other problems, mostly related
to the continuity of the project as well as to the training of
the EPMU personnel, who in many instances had changed over the
two-year period.

3.5.3 The Dosimeter Measurements

Six of the 12 ships surveyed during this study were also subject
to the independent experimental data validation process using
dosimeters. The objective in all cases was to measure the
actual noise exposure problem for several individuals on the
ship while the noise survey and the personnel assignment survey
were taking place. Typically six individuals could be monitored
at one time and in most cases the selection of these individuals
was intended to be within the same rate or closely related rate
so that a significant statistical sample could be obtained.
These same individuals were later interviewed in terms of their
time spent at different locations, in order to establish the
nolse exposure using the model. Table 4.1 has a summary of the
ships in whlch dosimeter measurements were taken.

The difficulties encountered during the acquisitio:: of the
dosimeter data can be summarized along two lines. First, the
instrumentation used (or available) for this purpose varied over
the two-year span. For example, some of the early data were

3-13
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acquired with a 90 dB threshold and a 5 dB exchange rate between
level and time which corresponded to the BUMED Instr. 6260.6
noise standard in effect at the time when thls program was
initiated. Later when the Navy standard changed to the

84 dB/8-hour exposure with a 4 dB exchange rate (DOD Instr.
6055.3) several of the dosimeter measurements were taken with
instrumentation that was set to measure exposure along the new
guldelines. This lack of comparabllity created several problems
later on when the data were compared from ship to ship.

Secondly, problems were encountered with several of the dosi-
meters malfunctlioning during the survey. Although each instru-
ment was checked thoroughly and calibrated before each fileld
trip, fallures due to either instrumentation related problems or
the subject were encountered. The latter was due to individuals
hitting the microphone or the instrument causing obviously
erroneous readings. This experience seems to reflect the con-
clusions of other dosimetry studies reported in the literature.
The suggested solution 1is to perform the measurements over
several days and discard the first one or two days under the
assumption that the user will become accustomed to the process.
This approach also allows for data averaging from day-to-day.

3.5.4 Summary of Ships Surveyed

Table 4.1 shows the summary of all the ships that were surveyed
and the dates of each survey. In one case the same ship was
surveyed twice, thils being due to the availabllity of ships and
the desire to complete the data acquisition procedure as soon as
possible. As was pointed out, although in all cases the nolse
level measurements were acquired successfully, the personnel
nolse assignment data for some of the ships was limited to the
number of people that were on the ship at a given time and not
on leave, and also to the number of people that were actually
working or watch standing in the engineering spaces rather than
being assigned to other jobs on the ship.

3-14
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3.5.5 Debriefing of EPMUs

At the completion of all the surveys a short debriefing of all
personnel involved in the noise surveys was conducted. This
debrilefing also took place after the survey of each ship was
completed, through telephone communication with the people
involved and also by notations provided by them on the results
for each ship. Most of the important questlons which needed to
be addressed and which concerned the varlability and difficulty
of the survey procedures were answered in these debriefings.

One of the most important factors noted was the time associated
with conducting the surveys. It was found that while more
information was being sought, especially in terms of additional
noise measurements and additional personnel assignment data
requested, the amount of time necessary to complete the survey
was in no way longer than previously experlenced by these units.
The reasons for this were twofold: the present surveys were very
systematic in terms of the decislon process used by the individ-
ual performing the measurements; and the additional data
requested on personnel assignments were not sufficient to extend
the 'period of the survey over what had been experienced
previously. On the average between four and six hours were

necessary to complete the cycle.
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4.0 SURVEY RESULTS

4.1 Introduction

Data resulting from the shipboard surveys may be divided into
three categories: A weighted sound level data (Leq - dBA), as a
function of location and ship; personnel assignment data in
terms of hours spent at specified locations for each personnel
category; and dosimetry data which were acquired by instrumenta-
tion attached directly to selected personnel. The sound level
and personnel work assignment data are used to calculate noise
exposure for each personnel category; the dosimetry data give
the nolse exposure results directly. Data were collected for
eleven FF1052 Knox class ships (see Table U4-1), all of which
were in port and operating in the auxillary steaming condition.
One of the ships (FF1097) was surveyed twice to provide a total
of twelve sets of data.

In the following sections the sound level, work assignment and
dosimetry data are summarized; personnel noise exposures are
then calculated using the sound level and work assignment data
first of all and then by using the dosimetry data. Finally,
these nolse exposure results are compared with the results
obtalned using the dosimeters.

4.2 Summary of Survey Data

4.2.1 Sound Level Data

For each of the twelve sample ships sound level data were re-
corded in each of the twelve engineering spaces in the following
list.

1. Engine room, lower level - ELT
2. Engine room, upper level - EUT

4-1
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TABLE 4-1. SUMMARY OF FP1052 CLASS (KNOX)
SHIPS SURVEYED BY EPMU UNITS
EPMU DOSIMETRY

NO. SURVEY SHIP DESIGNATION ERFORMING | DATA
SURVEY TAKEN

1 2/10/79 FF-1083 USS Cook 5 No
2 2/27/79 FF-1065 USS Stein 5 No
3 2/27/79 FF-1084 USS Candless 2 No
4 3/15/79 FF-1090 USS Ainsworth 2 No

5 4/27/79 FF-1091 USS Miller 2 No

6 5/16/79 FF-1097 USS Moinestern 2 No
7 | 8/09/79 | FP-1085 USS Pharris 2 Yes
8 8/09/79 FF-1085 USS Beary 2 Yes
9 2/04/80 FF-1092 USS Hart 2 Yes
10 2/14/80 FF-1081 USS Aylwin 2 Yes
11 8/27/80 FF-1097 USS Moinesten 2 Yes
12 12/14/80 FF-1075 USS Trippe 2 Yes
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3. Engine room, second deck - EST

4. Fire room, lower level - FLT

5. PFire room, upper level - FUT

6. Fire room, second deck - FST

7. Auxiliary room No. 1, lower level

8. Auxiliary room No. 1, upper level

9. Auxiliary room No. 2 - XRT
10. Forced draft blower (FDB) room 1A - PFAT
11. Forced draft blower (FDB) room 1B - FBT
12. After steering - ST

ALT
AUT

In each of these engineering spaces, measurements were made on

the twelve sample ships at 3 to 10 personnel locations, provid-
ing a two-way array of data for ship number versus measurement

location, as shown in Table 4-2.

Of interest are the variations in the measured noise levels 1in

various engineering spaces: (a) among the measurement locatlons
in a glven engineering space, (b) among the ships in the sample
for a given engineering space, and (c) among measurements made

under similar conditions (that is, the measurement or sampling

error).

Conventional two-way analysis of variance calculations [2] were
performed on each of the arrays in Table 4-2 to determine the
variability among measurement locations and ships in terms of

F variables. The computed F values (Fcomp) for each engineering
space and the corresponding F values for homogeneous data at the

1% level of significance (F0 01) are presented in Table 4-3.

The variablilty among ships indicates whether or not any varia-
tion in the data 1s due to inherent differences among ships; if
the variation is below the 1% level of significance then the
implication i1s that similar variations may be expected i1f the
same ship were sampled 12 times on different occasions. The
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same reasoning can be used for the location data in the same
space. That 1s, i1f the variation among locations is below the 1%
level of significance, then similar results may be expected if
the same location on any particular ship were sampled a number of
times rather than sampling several locatlions once only; in other
words, there are no inherent differences among locations in the
same space.

Also shown 1in thils table are the standard deviations of the mea-
surements 1n each engineering space; including all effects due to
varlations among both location and ship (s¢) and the standard
deviation due only to variatlons from ship to ship in the distri-
bution of noise levels throughout a given space (sg).

Note that the results reveal a statistically significant varia-
tion among the measurements on different ships in all twelve
englneering spaces; that is, there are inherent differences among
ships. A statistically significant variation among the measure-
ments at different locations 1is also indicated for seven of the
twelve engineering spaces; homogeneity among measurement loca-
tions 1is suggested only for (a) Fire room, lower level,

(b) Auxiliary room No. 1, upper level, (c) FDB room 1A, (d) FDB
room 1B, and (e) After steering.

Although there appear to be statistically significant variations
in the measurements from ship to ship and location to location 1in
most cases, the question remains as to whether these variations
are of practical significance. The standard deviation results in
Table 4-3 address this issue. Specifically, when the variations
in noise levels among measurement locations in a given space and
among ships for a given space, are removed from the total vari-
ability, the remaining varlability in the results, as defined by
the standard deviation se, is -~onsistently between 2 and 3 dBA

in most of the engineering spaces. The only major exception 1s
Auxiliary room No.2 where the data are suspect. A weighted

4-9
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average value of sg over all engineering spaces is given by

n %
1
5. " |5 E nysei (4.1)
i=]

where njy is the number of measurements and sey is the com-

puted error standard deviation in the ith engilneering space, and
n is the total number of measurements. Using the data 1n

Table 4-1 (excluding the suspicious Auxiliary Room No.2 resqlt),
Eq. 4.1 yields

Se = 2.7 dBA S (h.2)

This is the best estimate for the measurement error; (that is,
the standard deviation of measurements which were taken under
similar conditions) and represents the probable error if one ship
and one location 1n each area were sampled a number of times
instead of sampling 12 ships and several locations only once.

Table 4-3 shows that the overall standard deviation st of the
sampled data in some spaces is less then 1 dBA higher than sg,
for example 1n the engine room upper level and the auxiliary room
no. 1 upper level. This suggests that variations due to exact
location (in a given space) and ship are relatively small for
these spaces; that is, most of the error 1s attributable to
random sampling error and the total error is only slightly
reduced by sampling several ships and locations in each space
rather than sampling one ship and one location in each space on
several different occasions.

In other engineering areas, however, the overall standard devia-
tion st of the measurements far exceeds se; for example, in

the FDB rooms and after steering. In most cases, this 1s due to
large variations from ship to ship rather than among measurement
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locatlions 1n a particular space. In the few cases where there 1is
a large variation among locations in a particular space, it is
usually due to a single measurement location which is quite
different from all others, for example, ESIW in the englne room
second deck and FU1W in the fire room upper level.

We may conclude the following for the shipboard noise level data:

1. Variations in noilse level from location to location are due
partly to inherent differences among locations but primarily
due to random sampling error. That 1s, the scatter in
results would be almost as large 1f one location in each
space were sampled several times instead of several locatlons
being sampled only once.

2. Varlations in noise level from ship to ship are due partly to
differences among ships and partly to random sampling error.
The effect of differences among ships is larger than the
effect of differences among locations in a glven engineering
space.

3. Noise level variations, both among locations in a particular
engineering space and among ships, are large, as evidenced by
the standard deviation data in Table 4-3.

4.2.2 Personnel Assignment Data

For each of the twelve sample ships, personnel assignment data
were recorded for all personnel who were required to spend some
time in an englneering space while the ship was operating in the
auxiliary steaming condition. For any given personnel grade the
quantity of interest is the varlabillity in both the assignment
lncations and the amount of time spent at the assigned locations:

4-11
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a) among the 12 ships in the sample, and
b) among personnel on the same ship.

Also of interest 1s the variablility among measurements made
under similar conditions; that is, the random sampling error.

The personnel assignment data were analyzed using a two dimen-
sional analysis of variance on the data in Appendix D. Inspec-~
tion of the Appendix D data shows that on a given ship there are
many grades for which no data are available. The data resuiting
from the analysis of variance are presented in Table 4-4 in
units of .iours and 1n terms of F values (see preceding section)
and standard deviations for each personnel grade. The F values
for variations among ships are a measure of the variability from
ship to ship due to 1lnherent differences in each ship. The
results show that out of 26 grades, the variability in the data
for only 8 grades cannot be explained almost entirely by random
sampling errors. Thus for the remaining 18 grades the results
suggest that the scatter in the data would be almost as great if
the same ship were sampled 12 times instead of sampling 12
different ships only once. Thls implies that the overall vari-
abllity in the personnel assignment data is due mainly to random
sampling errors rather than to inherent differences among ships
and may be characterized by the standard deviation of the data
for each personnel grade. The results are included in Table 4-4

‘and show that the variability 1is indeed very large.

We may conclude the following for the personnel assignment
data.

1. The variability in the data from ship to ship for most of
the personnel grades 1s due partly to inherent differences

between ships but primarily to random sampling errors.

That 18, the scatter in results would be almost as great
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Table 4-8 Personnel Assignment Data Variability

: Personnel | No. of | F values for varia-|Total Standard Deviation
, . Grade Loes. tions among ships or mean error (hrs)
{ LCDR 1 insufficient data 0.16
ENS 10 3.17% 0.66
LTJG 15 3.69% 0.28
LT 12 1.27 0.78
[ ENFN 3 2.14 1.50
EN3 6 3.26% 1.31
EN2 1 insufficient data 0.36
EN1 6 1.41 1.12
EMFA 2 insufficient data 0.14
EMFN 3 insufficient data 1.12
EM3 14 1.16 0.47
EM2 9 1.38 0.51
EM1 5 2.80% 1.27
EMC 4 5.85¢% 0.65
FR 2 insufficient data 0.90
FA 5 4. 70% 1.01
FN 17 2.72% 0.58
- MMCS 3 1.44 1.33
i b MM 2 insufficient data 1.69
@ MMFR 2 insufficient data 1.44
= - MMFA 13 1.36 1.79
i MMFN 31 0.98 2.14
- MM3 34 1.72 1.87
MM2 27 1.36 1.70
i MM1 16 1.19 1.95
; J MMC 11 1.19 1.53
‘ BT 2 insufficient data 1.69
b BTFR 10 11.0% 0.91
‘ BTFA 16 1.52 1.62
BTFN 29 1.97 1.69
BT3 25 1.25 1.93
| BT2 22 1.58 1.61
: BT1 13 0.65 1.74
; BTC 8 1.46 1.28
!
!

® Statistically significant variation at 1% level of
significance.
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b,

if one ship were sampled several times rather than if 12
different ships were sampled only once.

The amount of time assigned to individual locations varies
significantly from ship to ship for a given personnel
grade. This 1is due primarily to random sampling errors
and partly to inherent differences in the operation of
each ship.

Within a given personnel grade on a particular ship there
is a significant variabllity in both

a) the locations assigned, and
b) the amount of time asslgned to each location.

The large variability assoclated with items 2 and 3 above -

suggests that we should expect equally large variabilities
in the personnel noise exposure results.

4.,2.3 Dosimeter Data

Dosimeter data were collected on six of the twelve sample ships
at the same time as noise level and personnel assignment data.

Of interest is the variability of the dosimeter data for the
same personnel grade:

a) among the six ships

b) among personnel on the same ship

4-14
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Data were collected for 48 personnel on the following ships:

FF-1094, USS Pharris
FF-1085, USS Beary
FF-1092, USS Hart
FF-1052, USS Aylwin
FF-1097, USS Moilnester
FF-1075, USS Trippe

The threshold below which sound energy or nolse exposure was not
accumulated was set on the dosimeters to 90 dBA for all shibs
except the USS Moinester where 1t was set to 80 dBA. The
exchange rate between energy and time was set to 5 dBA for the
90 dBA threshold data and 4 dBA for the 80 dBA threshold data.
Due to this varlability, all the nolse exposures measured using
dosimeters were converted to equivalent sound levels. This
allowed easy comparisons among dosimeter results and between
dosimeter results and equlvalent sound levels calculated using
measured sound level data and location assignments for each
individual.

The relationship between daily noise dose (DND) and equivalent
sound level (Leq) 1s:

The first step in the statistical evaluations is to determine
whether there 18 a significant variation in the equivalent sound

level exposure of each grade of personnel from one ship to the
next. The appropriate approach here is an analysis of varlance
test of the measurements among various ships, but the data in

Table 4-5 are adequate to perform such a test for only one grade
of personnel, namely, BT3.
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! Table 4-5. Equivalent Sound Levels from Dosimeter Data
Equivalent Sound Level in IBA by Shi
Grade | Individual |[FF1094| FF1085| FF1092 | FF1052 | FF1097 | FF1075
3 BTFN 1 93.3 98.3 91.3
’ 2 96.0 B4.8
ﬂ 3 96.3
? 4 92.4
. 5 88.8
6 92.2
BTFA 1 88.2 84.3 84.8
2 86.1
BT2 1 87.1 87.2
2 78.0
BT3 1 91.6 85.5 82.8 92.0 90.0 86.6
2 84.1 90.4 93.0 87.5
3 80.8 91.1 95.0
4 89.7 91.0
MVFN 1 94.8 95.0 90.6
2 91.1 84.0
3 90.1
G 1 88.1 4.7 P
2 87.6 ‘
3 88.4 -
L
BTFR 1 97.9
2 85.1 -
BT1 1 86.1 -
MMFR 1 92.4
MVFA 1 88.2 81.3 .
FN 1 95.0
b-16
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An analysis of variance test was performed on the data for grade
BT3 in Table 1 using conventional procedures [2] with the
following results:

6.66

Fcomp

FO.Ol = 6'99

In summary, the computed F value for variations from one ship to
the next falls Jjust below the 99 percentile of the appropriate F
distributions. Hence, a hypothesis of homogeneity would be
accepted at the 1% level of significance; that 1s, the variation
in the dosimeter data from ship to ship can be explalned by
random sampling errors instead of being due to inherent differ-
ences 1n the operation of each ship.

The analysis of variance studies for the BT3 data show tbat the
standard deviation of the error (with the small varlability
among ships removed) is estimated to be 2.5 dBA. If the vari-
abllity among ships 1s considered to be insignificant for the
other grades as well, then the average standard deviation of all
the measurements for each grade 1s given in Table 4-6. The
average over all grades 1s s = 3.9 dBA.

Table 4-6. Standard Deviations of Equivalent Sound Levels

Grade Sample Size Standard Deviation (dBA)
BTFN 9 4,40
BTFA y 1.74
BT2 3 5.28
BT3 15 4.04
MMFN 6 4,01
MM3 y 3.35
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We may draw the following conclusions for the dosimeter data:

j 1. The scatter in the results for a given personnel grade 1is
5 large (see Table 4-6) and can be attributed mainly to
random sampling error and only slightly to inherent
differences among ships.

; 2. The variation in the data among personnel in the same

; grade 1s due primarlly to differences in location assign-
ments when the ship 1s in the auxiliary steaming condi-
tion. Some of the variablility is also attributable to
random sampling error.

4.3 Noise Exposure Results

The personnel location assignment data were used together with
nolse level data to compute nolse exposures in terms of dailly

noise doses (DND) and equivalent sound levels (Leq) using the
followlng equations:

1, % N 5
DND == + 7 + oo +75 (4.4) ‘.

T, T Ty -
T, = /2%~ (4.5)

Lj is the noise level at location J :
Cs 18 the time (in hours) spent at location J ;

Leq = 16.61 log;,(DND) + 90 dBA (4.6)

The above equations are based on the OSHA criteria which uses a

90 4BA threshold below which all noise is considered not to [
contribute to personnel exposure. A DND of 1.0 is an exposure
of 90 dBA for eight hours per day. The OSHA criteria also calls
for a 5 dBA energy exchange; that is if the sound level 1is

—

r 4-.18
!

- . ——
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increased to 95 dBA then a DND of 2.0 will be accumulated for an
eight-hour exposure and a DND of 1.0 for a lU-hour exposure.

When personnel are exposed to different sound levels for differ-
ing amounts of time the dally noise dose 1s calculated using
equations 4.4 and 4.5 and the equivalent sound level (Leq) is
calculated using equation 4.6. The equivalent sound level is
the continuous eight-hour noise level which would produce the
daily noise dose calculated using equations 4.4 and 4.5.

When equations 4.4 through 4.6 were used with the available data
to calculate nolse exposures, the results obtained were practi-
cally useless because almost no one was ever exposed to noise
levels in excess of 90 dBA, resulting in DNDs of zero, For this
reason the threshold below which nolse 1s not considered to
contribute to exposure was lowered from 90 dBA to 80 dBA (which
is specified in the most recent Navy regulation). The remaining
parts of the OSHA criterion were left unchanged; that is a DND
of 1.0 is equivalent to eight hours exposure to 90 dBA and the
exchange rate hetween energy and time is 5 dBA.

Lowering of the threshold also meant that the results were not
as sensitive to small errors 1n sound level measurements, as
most sound level measurements were above the 80 dBA threshold.

For daily noise doses of zero (when an individual spends his
entire workday in a noise environment below the threshold of
80 dBA) the equivalent sound level is undefined and is repre-
sented in the tables and appendlices to follow by asterisks.

Using the 80 dBA threshold, the personnel assignment data and
location nonise level data, daily nolse doses and equivalent

sound levels were calculated on both individual, grade average
and ship average bases. Results were also calculated for the

above three cases using area average and sub-area average noise
levels as well as individual noise levels. The purpose of these
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various calculations, which involved different averaging
methods, was threefold: to establish which method provided best
agreement with the dosimeter data; to determine whether or not
it was necessary to consider personnel on an individual basis or

even a grade average basis; and to evaluate the effect of using
space average noise levels rather than individual measurements
for each specified work location.

4.3.1 Personnel Noise Exposure Results using Individual
Location Noise Data

The exposure results included here were calculated with no area
averaging of the sound level data.

4,3.1.1 1Individual Personnel Exposure Results

Daily nolse doses and equivalent sound levels were calculated
for each individual surveyed on all 12 ships, using individual
locatlion nolse data. The data are included in Appendix E and
personnel with daily nolse doses greater than one are listed in

Table u—70 [

The table shows considerable scatter in the data. This 1s to be
expected from the considerable scatter in the personnel assign-
ment data discussed in the previous section. Out of a sample
size of 385, 49 were found to be overexposed, 8 had an exposure
in excess of 200%, and the highest exposure was U428%.

4.3.1.2 Personnel Noise Exposure Averaged by Grade

The individual personnel nolse exposure data were averaged to
obtain grade averages for each personnel grade on each ship; the
results are included in Appendix F. Equivalent sound levels
which are undefined (corresponding to a DND of zero) are not
included in the ESL averages; however, DNDs of zero are included
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in the DND averages. Also, the DND averages represent a logar-
ithmic average of the measured data whereas the ESL averages
represent an arithmetic average; thus a one to one correspon-
dence between the two averages should not be expected. Grades
with average nolse exposures in excess of 100% are marked with
an asterisk in Table 4-7.

4,3.2 Personnel Noise Exposure Results using Individual
Location Noise Data Averaged over the 12 Sample Ships
for Each Location

For these results, all noise level measurements for a particular
location in each of the 12 ships were averaged. These average
nolse levels were then used with the personnel assignment data
to calculate both individual and grade average nolse exposure
results. The grade average results are included in Table 4-8
and the individual results are contained in Appendix G. As
there 1s considerable scatter in the data from one sample ship
to another, no one sample ship can be used to represent the
class; thus these shlp averaged results are useful for the pur-
pose of estimating likely average nolse exposures for personnel
working on this class of ship in the auxilliary steaming condi-
tion.

4.3.3 Personnel Noise Exposure Results using Sub-Area 5%7
Averages for the Noise Level Data -

For the results in thils section, noise levels measured at indi-
vidual locations in the same sub-area were averaged on an energy

basis (rather than a dBA basis). The energy basis was chosen as
it glves results similar to those which would be obtained 1f the
averaging were done on site using a sound level meter. These
average levels were then used together with the personnel
assignment data to calculate noise exposures. The sub-areas
used and the individual locations included in each sub-area are
listed in Table 4-9,
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Table 4-8. Grade Average Personnel Noise Exposure and Impact
. for all 12 Ships: Sound Levels Averaged
{ at Individual Locations over all 12 Ships

Threshold Level = 80.0 dBA
‘ 8-Hr Permissible Level = 90.0 dBA
, Exchange Rate = 5 d4BA
{ Grade | Grade No. of [ Sound Level |Dallv Nojise Dose !
} Code Description Pers. Mean S.D. Mean S.D.
: 506 ENFN 2 98.6 0.0 1.65 2.34
o 503 EN1 5 90.5 { 5.5 | 1.28 .68
S 505 EN3 7 91.3 2.7 1.27 48
302 FA 3 90.2 9.8 1.02 1.44
4o3 EM1 3 87.5 7.4 .98 .92
402 EMC 1 88.9 0.0 .85 0.00
208 MMFR 1 88.7 0.0 .84 0.00
107 BTFA 19 87.5 5.6 .81 LUh
106 BTFN 52 87.7 4,7 .79 JA42
108 BTFR 5 86.7 | 5.5 <77 b2
105 BT3 45 86.9 | 4.6 .68 .51
207 MMFA 13 85.6 4.1 .63 .34
203 MM1 10 84.7 6.9 .60 .55
206 MMFN 4o 84,6 6.0 .60 .38
- . 204 M2 26 85.9 | 4.4 .59 41
! 205 MM3 53 85.5 3.6 .57 .30
L. 202 MIMC 5 85.9 | 4.7 .54 .55
bl . 209 MM 2 85.1 | 1.5 .51 .11
;104 T2 24 85.5 | 4.3 A7 U3
. i 603 ENS 5 82.5 | 4.7 .40 .18
i 102 BTC 7 83.5 | 7.3 Lo U5
" 103 BT1 12 82.2 | 5.6 .40 .31
! 301 FN 9 81.8 5.2 .37 .17
504 EN2 1 82.9 0.0 .37 0.00
ho6 EMFN 3 84.0 2.0 .30 27
L 4o0h EM2 i 80.1 | 4.6 .29 .19
+ 601 LT 6 775 9.7 .29 U2
t 303 FR 2 79.8 4.8 . 27 17
602 LTJG 8 78.1 5.7 .25 .21
109 BT 2 85.1 0.0 .25 .36
405 EM3 6 80.2 3.2 .23 .16
101 BTCM 1 77.1 0.0 .17 0.00
Lo7 EMFA 1 73.9 0.0 .11 0.00
210 MMCS 1 72.9 0.0 .09 0.00
604 LDCR 1 ERER i .00 0.00
ALL PERSONNEL 385 85.5 5.0 0.62 0.45
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Table #-9 Sub-Areas used for Noise Level Averages

g Sub-Area Locations Included ~~~\. _
T
i ELT-Eng. Room, Lower Level EL1B, EL2B, EL3, EL4, ELS,
EL6, EL7
| EUT-Eng. Room, Upper Level EUlW, EU2B, EU3, EU4, EUS,
; EU6, EU7, EUS8
% EST-Eng. Room, Second Deck ES1w, ES2, ES3, ES4 ;
' FLT-Fire Room, Lower Level FL1W, FL2B, FL3B, FL4, FLS5, ‘
FL6, FL7, FL8, FL9, FL10 :
FUT-Fire Room, Upper Level FUlW, FU2W, FU3B, FU4, FUS,
FU6, FUT7,FU8, FU9, FU10 )
FST-Fire Room, Second Deck FPS1, PS2, FS3
ALT-Aux. Room 1, Lower Level ALl1, AL2, AL3, AL4, ALS5,
AL6, AL7
AUT-Aux. Room 1, Upper Level AU1B, AU2B, AU3, AUU, AUS,
AU6, AUT, AUS y
XRT-Aux. Room 2 X1w, X2, X3, Xuw, X5, X6 .
i
FAT-FDB Room 1A FAl, FA2, FA3
FBT-FDB Room 1B FB1, FB2, FB3 U
ST-After Steering S1W, S2B, S3, S4 ,
!
The purpose of calculating noise exposures with space-averaged g}
nolse levels was to determine whether specifylng sub-areas or
general areas rather than exact locations for personnel assign- (i
ments glves nolse exposure results which are Just as accurate. '

—
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4.,3.3.1 Individual Personnel Exposure Results

Daily nolse doses and equivalent sound levels were calculated
for each individual surveyed on all 12 ships, using sub-area
space-average noise levels; that is, personnel assignments for
e locations in the same sub-area were allocated the same nolse
T levels. The data are included in Appendix H and personnel with
?ﬂﬁ? noise doses greater than one are listed in Table 4-10. It
i i1s clear tﬁaﬁ\there is still a large amount of scatter in the
; the personnel graaés.uhich are overexposed; however, the amount
of overexposure 1is reasoniﬁ&y.consistent with dally nolse doses
between 1 and 2 for T4 out of the‘ﬁg personnel overexposed and
between 2 and 4 for the remalnder. ..

e

/
1
i
4
/

4.3.3.2 Grade Average Personnel Exposure Results

The individual personnel nolise exposure data calculated in
4,3.3.1 above were averaged for each personnel grade on each
ship. The detailed results are included in Appendix I. Grades
with average dally nolse doses in excess of 1.0 are marked with
an asterisk in Table 4-10.

4.3.4 Personnel Noise Exposure Results Using Noise Data
! Averaged over Sub-Areas and all 12 Ships

For these results, nolse level measurements in particular sub-
areas (see Table 4-9) in all 12 ships were averaged and then
used with the personnel work assignment data to calculate
individual personnel noise exposures which are included in
Appendix J. The individual results for each grade of personnel

, were then averaged to obtain the grade averages which are listed
in Table 4-11.
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Table 4-11. Personnel Noise Exposure and Impact Grade Averages
i for all 12 Ships: Sound Levels Averaged
‘ over Sub-Areas and All 12 Ships

Threshold Level = 80.0 dBA
8-Hr Permissible Level = 90.0 dBA
Exchange Rate = 5 4BA
Grade Grade No. of Sound LLevel | Daily Noise Dose
Code Description Pers. Mean S.D. Mean S.D.
506 ENFN 2 94,4 4.6 2.02 1.20
505 EN3 7 93.2 3.2 1.71 .84
503 EN1 5 93.0 1.9 1.55 LU0
302 FA 3 89.3 6.6 1.16 - .88
104 BT?2 24 89.8 3.6 1.08 46
108 BTFR 5 88.3 6.8 1.03 .65
403 EM1 3 87.5 7.4 .98 .92
105 BT3 45 89.0 3.6 .97 45
107 BTFA 19 88.2 5.4 «93 .43
106 BTFN 52 87.8 5.0 .87 <39
4o2 EMC 1 88.9 0.0 .85 0.00
202 MMC 5 87.6 5.1 .85 «50
208 MMFR 1 88.7 0.0 .84 0.00
103 BT1 12 B7.4 5.5 .83 .38
101 BTCM 1 88.0 0.0 .75 0.00
| 203 MM1 10 87.1 3.4 .73 .30
; 102 BTC 7 85.4 7.5 .73 LAU6
J 210 MMCS 1 8T7.4 0.0 .70 0.00
‘ 205 MM3 53 86.2 3.6 .66 .34
{ 406 EMFN 3 86.1 | 3.9 .64 .36
} 206 MMFN 4o 85.5 4.8 .64 .37
; 204 MM2 26 84.8 | 5.8 .62 .37
y 109 BT 2 86.3 1.6 .61 .13
: 603 ENS 5 86.0 1.9 .59 .16
| 207 MMFA 13 85.2 [ 4.0 .59 .31
f 301 FN 9 B2.9 5.9 U7 27
209 MM 2 84.4 1.6 U6 .10
601 LT 6 79.7 J]10.0 U5 U6
4oy EM2 4 83.2 4.4 LUl .22
| 504 EN2 1 81.9 | 0.0 .33 0.00
! 602 LTJG 8 78.3 5.8 .26 .22
% 4os EM3 6 79.0 5.1 .26 .15
g 303 FR 2 78.4 | 2.8 .21 .08
i . 407 EMFA 1 74,1 0.0 .21 .08
i 604 LDCR 1 RRan  [RERR .00 0.00
| ALL PERSONNEL 385 86.5 | 4.7 | 0.78 0.41
-
!
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4.3.5 Personnel Noise Exposure Results Using General Area
i Averages for the Noise Level Data :

For the exposure results discussed here, the nolse level data
measured in individual locations and sub-areas located in the
same general area were averaged on an energy basis. The general
areas used and the individual locations and sub-areas included
in each are listed in Table 4-12.

Table 4-12 General Areas Used for Noise Level Averages

General Area Locations Included

ERT-Engine Room EL1B, EL2B, EL3, EL4, ELS,
EL6, EL7, EUIW,

EU2B, EU3, EU4, EUS, EU6, EUT,
EU8, ESIW

ES2, ES3, ES4, ELT, EUT, EST

FRT-Fire Room FL1W, FL2B, FL3B, FL4, FL5,
FL6, FL7, FL8, FL9, FL1O,
FU1W, FU2W, WU3B, FU4, FUS,
FU6, FU7, FU8, FU9, FU10,
FS1, Fs2, FS3, FLT, FUT, FST

ART-Aux.Room 1 AL1, AL2, AL3, ALM, ALS5,AL6,
Aﬁggi AU3, AU4, AUS, AU6, AUT, ;
AUS, ALT, AUT i
XRT-Aux.Room 2 X1W, X2, X3, Xi4w, X5, X6 i,
FABT-FDB Room 1A/1B FAl, FA2, FA3, FBl, FB2, FB3, K
FAT, FBT
ST-After Steering S1w, S2B, S3, S4
1
4-28
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4.3.5.1 1Individual Personnel Exposure Results

Dally noise doses and equivalent sound levels were calculated
for each individual surveyed on all twelve ships, using general
area space average nolse levels; that is, personnel assignments
for locations 1n the same general area were allocated the same
nolse levels which were determined by energy averaging all the
individual measurements in that area. The data are included in
Appendix K and personnel with daily noise doses in excess of one
are listed in Table 4-13. There is still a large amount of
scatter in the data from ship to shlp and among personnel in the
same grade. Out of the 99 personnel overexposed, 80 have daily
nolse doses between one and two and the remainder have DNDs
between 2 and 4.

4,3.5.2 Grade Average Personnel Exposure Results

The individual noise exposure data calculated in 4.3.5.1 above
were averaged for each personnel grade on each ship. The
detalled results are included in Appendix L. Grades with
average dally noise doses in excess of 1.0 are marked with an
asterisk in Table 4-13.

4.3.6 Personnel Noise Exposure Results Using Noise Levels
Averaged over General Areas and All 12 Ships

For these results, noise level measurements in particular
general areas (see Table 4~12) in all twelve sample ships were
averaged and then used together with the personnel work assign-
ment data to calculate individual noise exposures which are
included in Appendix M. The individual noise exposure results
for each grade of personnel were then averaged to obtain the
grade averages which are listed in Table U4-14,
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Table 4-14. Personnel Noise Exposure and Impact Grade Averages
‘ for all 12 Ships: Sound Levels Averaged
over General Areas and All 12 Ships

; Threshold Level

= 80.0 dBA
i 8-Hr Permissible Level = 90.0 dBA
Exchange Rate = 5 dBA

Grade Grade No. of Sound Level |[Daily Noise Dose ‘
Code Description Pers. Mean S.D. Mean S.D.
: 506 ENFN 2 94. 4 4.6 2.02 1.20
; 505 EN3 7 93.2 3.2 1.71 .84
: 503 EN1 5 93.0 1.9 1.55 u0
) 302 FA 3 89.6 6.2 1.17 .86
: 104 BT2 24 89.5 3.6 1.04 LAU46
403 EM1 3 87.7 7.4 1.00 .91
105 BT3 45 89.3 3.5 .99 A1
108 BTFR 5 87.5 7.4 .96 .61
106 BTFN 52 88.3 5.2 .94 LU43
208 MMFR 1 89.2 0.0 .90 0.00
107 BTFA 19 87.7 5.8 .89 JU2
203 MM1 10 88.3 3.6 .87 .39
202 MMC 5 87.7 5.1 .87 .50
o2 EMC 1 B88.9 0.0 .85 0.00
103 BTI 12 87.6 5.6 .85 .36
101 BTCM 1 88.5 0.0 .82 0.00
. 205 MM3 53 86.9 3.6 .73 .35
{ 204 MM2 26 86.0 | 5.2 .70 42
: 210 MMCS 1 87.4 0.0 .70 0.00
T. 109 BT 2 87.4 | 0.0 .70 0.00
206 MMFN 4o B86.0 4.9 .69 .39
102 BTC 7 85.1 7.3 .69 .43
207 MMFA 13 86.1 4.1 .66 .35
4o6 EMFN 3 86.2 3.6 .64 .35
! 603 ENS 5 86.3 1.5 .61 .14
209 MM 2 85.7 1.9 .56 .15
301 FN 9 83.3 6.1 .49 27
601 LT 6 79.9 |10.1 U6 LAU6
4oy EM2 y 83.7 3.4 .45 .19
504 EN2 1 81.9 0.0 «33 0.00
405 EM3 6 79.3 S.4 .28 .17
i 602 LTJG 8 78.5 5.5 .26 22
303 FR 2 78.9 3.5 .23 11
o7 EMFA 1 74.1 0.0 .11 0.00
- 604 LDCR 1 64.1 0.0 .03 0.00
‘ ALL PERSONNEL 385 87.0 4.4 0.82 0.41
!
!
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4.4 Summary of Noise Exposure Results

The variability in the personnel noise exposure results among
personnel in the same grade and among ships 1s dependent upon
the variability in both the sound level data and the personnel
assignment data. The variability in both of these quantities
has been discussed in detall in preceding sections and was found
to be relatively large. The personnel noise exposure results

are affected more by the varliabllity in personnel assignmgnb“"
data than by the variability in noise level data.'_As eipected,
the large varlability in the personnel asg;gnméﬁ% data leads to
a similarly large variability in the noiéé exposure data among
personnel 1n the same grade on the same ship and also among
different ships.

To begin with, nolse exposures were calculated for each indivi-
dual sampled on each ship, using specific qoise data for each
asslgned location. The results showed a considerable amount of
scatter both among ships and among personnel in the same grade
on any given ship. To obtain results which may be used to char- ;J
acterize this type of ship in the auxillary steaming condition, L
the equivalent sound level results for all 12 ships were averag-

ed arithmetically for each personnel grade. Additional person-
nel exposure and equivalent sound level calculations were per-

formed using both sub area average and area average nolise levels
(obtained by averaging noise level data over specified locations
in each area). The purpose of these calculations was to deter-

mine whether or not the variance in the exposure results would
be reduced and whether or not better agreement would be obtained {
with the dosimeter data. This latter subject is addressed more
fully in the next section.

The preceding results showed that sub-area and general area

averaging of the nolise levels prior to the exposure calculations
reduced slightly the overall standard deviation of the personnel
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equivalent nolse levels (see Tables 4-8, 4-11 and 4-14), The
same tables showed that the mean equivalent nolse level for all
personnel Iincreased slightly as the nolse level averaging bhecame
more general. Averaging of noise levels by sub-area had only a
slight effect on the rank ordering of the personnel grades by
exposure; averaging nolse levels by general area had a further
slight effect. Grades which were identified as having an
average DND in excess of 1.0 when no noise level averaging was
used were stlll identified when the nolse levels were area
averaged. However, nolse level averaging did cause the original
number of personnel grades 1dentiflied as having an average DND
in excess of 1 to increase from 4 to 6. The total number of
personnel 1dentifled as belng overexposed when ships and
personnel were considered on an individual basis are listed in
Table U4-15 helow.

Table 4-15 Number of Personnel Overexposed Expressed as
a Percentage of the Total Number Surveyed;
Individual Basis, No Noise Level Averaging
Over Ships.

Sub Area General Area
No Averaging Averaging of] Averaging of
of Sound Levels| Sound Levels| Sound Levels

DND in excess of 1.0 12.74 23.1% 25.7%
DND in excess of 2.0 2.1% 2.9% 3.9%
DND in excess of 3.0 0.8% 1.0% 1.0%

The results in Table 4-15 show that averaging of noise levels
increases the number of personnel identi“ied as heing overex-

posed when the exposure data are considered on an individual
basis.
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When the nolse level results are averaged over all 12 ships and

f then used to calculate the nolse exposures on an individual

o basis, the number of personnel identified as belng overexposed
increases (see Table 4-16 below). Averaging the noise levels by
; sub area further increases the number of personnel identified as
being overexposed; however further averaging of noise levels by
general area has an insignificant effect.

Table 4-16 Number of Personnel Overexposed Expressed as
a Percentage of the Total Number Surveyed
on an Individual Basis -~ Location Noise
Levels Averaged over all 12 Ships.

Sub Area General Area
No Averaglng Averaging of | Averaging of
of Sound Levels | Sound Levels | Sound Levels

DND in excess of 1.0 17.7% 28.8% 28.1%
DND in excess of 2.0 1.6% 2.3% 2.3%
DND in excess of 3.0 0.3% 0.3% 0.3%

| The first question we need to address 1s: Which of the results
1 more truly reflect the noise exposure problem? Clearly the

individual results shown in Table U4-15 are very sensitive to -
errors in individual personnel assignment data. When area t

—

averaging of noise levels is used, errors in individual person-
nel assignment data become less important. However, area aver-

aging of noise levels can cause errors when nolse environments

l

g of widely differing nolse levels are averaged and are shown to .
| be widely different on a systemmatic basis rather than a random

! basis. This latter reason is probably responsible for the

’ |
‘ increase in number of personnel overexposed when area averagilng ]
! .
of noise levels 1is used.
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Averaging nolse levels for each location over all 12 sample
‘ ships provides a more accurate picture of the nolse environment
to which personnel are exposed on average, provided there are no
! systemmatic differences between ships -- this was shown to be
the case in Section 4.2.1,.

The next question which arises is: Should personnel he averaged

by grade or would an average over all personnel be preferable?

The ship average by grade results for the case of no area
averaging of sound levels are listed in Table 4-8 and show that
where more than one sample existed in the same grade, the
standard deviation 1n equivalent sound level for these samples
varied from 2.0 to 9.8 dBA, whereas the standard deviation in
equivalent sound levels for all personnel was 5 dBA. Referring
again to Table 4-8 we note that the range of average equivalent

) sound level values among different personnel grades with a i

? sample slze of at least 10 is only about 5 dBA and only 3 dBA
fnr sample sizes greater than 12. On the other hand the

standard deviations for these grades range from 3.6 to 6.9. It
follows that the overlap of equivalent sound level values from
one grade to another is very large, suggesting that separating
personnel 1into grades for the exposure computatlions 1s not
worthwhile. 1Instead, all personnel should be combined together,
and average and standard deviations computed for the exposure,
at least when the ships are in the auxiliary steaming condition.
This would require fewer measurements, for similar accuracy,
than if personnel grades are treated separately. Of interest
therefore, 1s the number of sample ships required and the nunmber
of personnel which should be sampled on each ship to obtain a
given accuracy in the overall mean equivalent sound level, when
the ship 1is in the auxiliary steaming condition.
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» First of all we will estimate the number of ships which should
be sampled to provide +1 dBA, +2 dBA and +3 dBA accuracy for the
average equivalent sound level results. One way of assessing

the variation from ship to ship 1s in terms of a coefficient of
variation ¢, given by

€ = s/x (4.7)
é where s = standard deviation of the sample values from one
ship to another
; X = mean value for all ships 1in the sample.

The coefficlents of variation for all three cases for which ESLs
were calculated are listed in Table 4-17 below. '

Table 4-17. Coefficients of Variation for ESL Values
for the Sample Ships

Case Description Cc fficient of Variation
No area averaging of
nolse level data 0.025
Sub area averaging of
' noise level data 0.026
General area averaging of
noise level data 0.029
|
|
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The average 90% confidence limits for a given accuracy in
results may be approximated by

90% CL = x(l:te//ﬁ) (4.8)

where n 1s the number of sample ships and
t is the value of the 90% point on the
student t distribution corresponding
to the sample size chosen.

The preceding expression may be used to estimate the number of
sample ships required to obtain a +1 dBA, +2 dBA and +3 dBA
accuracy in the equivalent sound level estimate. These results
are summarized in Table 4-18 below.

Table 4-18. Minimum Number of Ships To Be Sampled for
+3 dBA, +2 dBA and +1 dBA Accuracy in the
Average ESL Computation.

3 dBA +2 dBA +1 dBA
Case Description Accuracy Accuracy Accuracy
No area averagling of
noilse level data 3 4 14
Sub area averaging of
noise level data 3 5 15

General area averaging of
noise level data 4y 6 18
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A similar calculation may be used to estimafe the number of
personnel which must be sampled on each ship to obtain a +3 dBA,
+2 dBA and +1 dBA accuracy in the average ESL computation. The
coefficients of variation e are calculated using Equation 4.7
for each ship and are listed in Table 4-19. The average value
at the bottom of the table 1s calculated using

y
1 .
€av - |n 2 ei] (4.9)

Equation 4.8 is then used with €ay to calculate with 90% con-
fidence the average number of personnel to be sampled on each
ship for a +1 dBA, +2 dBA and +3 dBA accuracy 1n the average ESL
results. The total number of sample personnel reguired for

+1 dBA, +2 dBA and *3 dBA accuracy in the overall average ESL
results 1s approximately equal to the product of the value 1n
Table 4-20 and the corresponding value in Table 4-18.

l The results show that sufficient ships and sufficlent personnel
on each ship were sampled to obtain a +1.5 dBA accuracy in the

PURPRRNS

overall average equivalent sound level estimate; better results ;
] would be obtained by sampling more personnel on each ship and
less ships.

Thus we can conclude with 90% confidence that the overall
average equivalent sound level estimate of 85.5 dBA is within
1.5 dBA of the true value. However the variation among person-
nel is large, as indicated by the standard deviation value of

5 dBA for the case of no area averaging of the sound level
results. The maximum varlation around the mean was measured at
+15 d4BA.

—
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! Table 4-19. Coefficients of Variation for ESL Values
: for Personnel in Each of the 12 Sample Ships
|
' General Area
| Ship No Averaging Sub Area Averaging Averaging of
g Number of Sound Levels of Sound Levels Sound Levels
]
| FF-1083
: USS Cook 0.079 0.060 0.052
: FF-1065
' FF-1085
USS Candless 0.108 0.083 0.080
FFr-1090
USS Ainsworth 0.062 0.052 0.054
FF-=1091
USS Miller 0.071 0.047 0.049
FF-1097 i
| USS Moinester 0.079 0.066 0.060
{ FF-1094
i USS Pharris 0.072 0.063 0.063
| FF-1085
USS Beary 0.058 0.059 0.057
i : FFr-1092
! USS Hart 0.086 0.071 0.192
FF-1081
USS Aylwin 0.043 0.047 0.039
‘ FFr-1097
! ‘ USS Moinester 0.071 0.091 0.060
!
FF-1075
USS Trippe 0.045 0.029 0.035
OVERALL e 0.072 0.062 0.081
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The preceding statistical analyses were based on equivalent
sound levels rather than dally noise doses. However any

conclusions can be applied equally well to the dally noise dose
data.

Table 4-20., Minimum Number of Personnel To Be Sampled
on Each Ship for +3 dBA, +2 dBA and +1 dBA
Accuracy in the Average ESL Computation.

+3 dBA +2 GBA +]1 dBA

Case Description Accuracy Accuracy Accuracy
No area averaging of

noise level data 13 26 - 100
Sub area averaging of '

nolse level data 10 20 T4
General area averaging of

noise level data 16 34 130

4,5 Comparison of Dosimetry Data with Calculated Noise
Exposure Data

The dosimeter data for 37 specific personnel were directly
identified with computer calculations of their ESL exposure (the
other 12 personnel producing dosimeter data could not be identi-
fied with specific calculations because of inadequate records of
their locations). Comparisons between the dosimeter data and
computer calculated ESL and DND data were then made in the
following categories.

P—

[ "]

b graremenat




] Report 4735

1.

Using the 37 individuals with directly matched dosimeter
data and computer calculations, the differences hetween the
dosimeter and computer equivalent sound levels were
calculated using compute. calculations based upon:

(a) sound levels at individual locatlons,

(b) average sound levels on each level of each engineering
area (subarea average), and

(¢c) average sound levels in each engineering area (genehal
area average)

Using the 48 individuals for which dosimeter data are
available, the individuals were pooled by grade and the
average dosimeter reading for each grade was computed. The
differences between the grade averaged doslimeter data and
similar computer model averages were calculated using
computer calculations based upon:

(a) sound levels at individual locations on individual
ships,

(b) sound levels at individual locations averaged over all
12 shigs,

(c) average sound levels on each level of each engineering
area on individual ships,

(d) average sound levels on each level of each engineering
area averaged over all ships,

(e) average sound levels in each engineering area on
individual ships, and

h-41
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(f) average sound levels in each engineering area averaged
over all ships.

The differences computed in the above comparisons were reduced
to a mean and standard deviation by

32

n n

X = ;- = .i. <) 2

X*n E Xy 8 n-1 Z (xy-x) (4-10)
i=] 1=]

where xy = difference between the dosimeter ESL and the

corresponding computer predicted ESL.

The results of the comparison studlies are summarized in

The detalled results are included in Appendix N.

The best agreement between the noise exposure calculations and
the dosimeter data is expected when comparisons are made on an
individual basis, using noilse levels with no area averaglng.

The data in Table U4-21 shows that this 1s not so. The main
reason for the discrepancles is lack of accuracy in the defini-
tion of an individual's location assignments and the anount of
time spent in each. This lack of accuracy shows up particularly
when an individual spends most of his time in a relatively quiet
environment and occasionally spends a small amount of time 1n a
nolsy environment. In this case a small error in location
assignment 1s magniflied tremendously in the daily noilse dose and
equivalent sound level results leading to large errors in these
quantities. These large errors are particularly apparent 1n
several cases where the discrepancy between the calculated ESL
and the dosimeter data exceeds 10 4BA. It is clear in future
that personnel need to be questioned more closely to obtain a
more accurate plcture of their location assignments and times.

442
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One way of reducing the need for accurate location and assign-
ment time data 1s to average nolse levels over sub areas (or
levels) or average noise levels over general areas (see Tables
4-9 and 4-12 respectively for locations which are included in
each average). As can be seen in Table U4-21 this nolse level
averagling procedure significantly reduces the average difference
? ' between the dosimeter results and the calculated ESL results.
However the standard deviation 1s not significantly reduced,
indicating that a similar scatter in the difference on an
individual basis still exists. Note that the general area
average offers no improvement over the sub area average.

The effect of averaging results over grades before taking the
difference between the dosimeter data and calculated ESL data is
also shown in Table 4-21, It can be seen that when the results
are considered on a ship-by-ship basis the average difference
(or error) is smaller than when the data for all 12 sample ships
are averaged before taking the difference; however the standard
deviation (or scatter in results for individual grades) does not
change significantly. The effect of averaging nolse levels over
sub areas and general areas 1s also shown in the table for the
grade average results. The average error (or difference)
decreases as the nolse levels are averaged on a broader basis.

However the standard deviation (or scatter) in the results does
not change significantly.

We may conclude the following for the dosimeter and calculated
ESL data comparisons.

1. The differences between the calculated ESL data and
dosimeter data are large and may be attributed mainly to
arrors 1n both the location assignments and assignment
**=r,- - earh location for individual personnel. When

v~ Jarge differences Iin location nolse levels,

‘v *hesa quantities lead to large errors in
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Data Comparisons

Summary of Equivalent Sound Level

Grouping of Data ESL Error Data, dBA
Sample Mean |Standard
Personnel Locations Ships Size Error |Deviation
Individual Individual | Individual 37 4.0 7.3
Subarea
Average Individual 37 0.1 5.9
Area
Average Individual - 37 0.7 5.8
Grade
Average Individual | Individual 22 2.1 6.3
Average 11 5.7 4,2
Subarea Individual 22 0.8 5.9
Average
Average 11 2.1 4,5
Area Individual 22 0.3 5.9
Average
Average 11 1.9 4.1

o
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the calculated ESL, particularly when an individual spends
the majority of his time in a quiet area. Some
differences may also be attributable to intermittent
noise, such as metal to metal impacts or shouting by the
wearer, being accumulated by the dosimeter but not taken
into account in the calculated data.

Averaging nolse levels over sub areas reduces the average
difference or mean error but does not reduce the standard

deviation or large scatter in the individual differences.

Averaging noilse levels over general areas rather than sub
areas offers no significant improvement.

Averaging data for personnel grades or averaging over
ships does not improve the results.

4-45
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5.0 STRUCTURE OF SHIPBOARD NOISE DATA MANAGEMENT SYSTEM

5.1 Summary of Results and Model Limitations

The proposed means of valldating the data management system was

to compare dosimetry data with noise exposure results calculated
: from location nolse level data and personnel assignment data for
Knox Class ships operating in the auxiliary steaming condition.

These comparisons were made first of all on an individual basis,
Wwith no area averaging of the noise level data for the purposes

of calculating the exposures. Most of the discrepancies between
the dosimetry data and the calculated data can be attributed to

the following factors:

(a) The personnel assignment data were not sufficiently
accurate, especially when personnel were assigned to quiet
locations for long periods of time and occasionally spent
time in noisy locatlons.

(b) The calculation procedure does not take into account such
things as conversation or shouting and possible
intermittent banging of tools on hard surfaces.

(¢c) The dosimeter data may be inaccurate due to the close
location of the microphones with respect to the personnel
carrying them,

(d) Measured noise levels were very close to the ' hreshold
level of 90 dBA below which exposure was not accumulated.
Thus small variations in noise level produced large
variations in the dosimeter data. This problem was
somewhat alleviated for the noise exposure calculations

[ (from the sound level and assignment data) by using an

! 80 dBA threshold.
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In an attempt to reduce the difference error between dosimeter
data and calculated ESLs, nolse level data were averaged over
sub areas or levels (see Table 4-9). This reduced the average
difference between dosimeter results and calculated results to
an insignificant amount, but the variations on an individual
basis were still large, as indicated by the large numbers for
the standard deviation in Table 4~19. Further averaging of the
noise levels over general areas produced no reduction in the
average difference (or error) or the standard deviation.

The cholce of the auxiliary steaming condition for validation of
the model was not a good one for the following reasons:

(a) Not all personnel were on board ship during the survey
times.

(b) Description of dutles for personnel within a particular
grade or rate varied enormously with no clear cut trends.

(¢) Noise levels were close to the 90 dBA threshold level.

(d) 1t was difficult to find ships in this condition and to
schedule noise surveys as explained in Section 3.

An additional problem which led to some confusion during the
data collection was the regulation change from the BUMED Instr.
6260.6b criteria to the new DOD Instr. 6055.3 criteria of 80 dBA
threshold, an energy-time exchange rate of 4 dBA per halving or
doubling of the exposure time and an allowable 8-hour exposure
of 84 dBA.

5.2 Recommendations for Purther Validations

Due to the problems outlined in the previous section, the auxil-
lary steaming condition was not suitable for validating the

o .
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model. For this reason we suggest a further series of validat-
Ing measurements, to be made on ships in the underway condition.
There are several advantages to doing this as follows:

l. Personnel work assignments are expected to be more uniform
on a daily basis and personnel in the same grade are
expected to have duties which are more alike.

2. Noise levels will be higher and the threshold level will
be 80 dBA, corresponding to the new DOD instruction; this
will alleviate the problem of noise levels close to the
threshold level which can cause large errors in exposure
calculations for small errors in nolse level measurement.
Also any errors in the dosimeter threshold will become
unimportant.

3. It should be easier to obtain the required amount of data
in a relatively short time due to the lack of difficulty
expected iIn finding ships in this condition.

4, All personnel are expected to be present on the ship and
should be easler for the survey personnel to find. !

The results for the auxiliary steaming condition showed that
little benefit was gained by separating individuals into grades
or rates and some significant benefit was gained by averaging
noise levels in the same sub area (see Table 4-9)., However,

this may not be so when the ship 1s in the underway condition.
Thus, at least during the validation procedure, we recommend
keeping personnel separated into grades and no area averaging of
nolse levels.
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5.3 Conclusions and Recommendations

A review of the obJjectives of thls study can be summarized as
follows:

1.

Data acquisition procedurees, consistent with the require-
ments of the personnel nolse exposure model, were develop-
ed.

These procedures were successfully adapted to current Navy
(EPMU) procedures for noise data collection. It was shown
that the medical units not only can accurately collect
this type of information but that the time required com-
pares favorably with present procedures. ‘

The tralning and equipment available to the EPMU's is
sufficient to permit the new data acquisition techniques
to be implemented at all EPMU locations.

The accuracy of noise exposure predictions, using the
model and the data base collected, 1s inconclusive. The
reasons for the disagreement found are discussed in
Section 5.1; the major one being the selection of the
"auxiliary steaming" operational mode to validate the
model. It is believed that an analysis conducted
"underway" on this same class of ships would yield more
significant results.

The results of the analysis point out that for ship opera-
tional conditions where the personnel noise exposure is at
or very near to threshold small errors in the "personnel
assignment”" data parameter may result in large prediction
errors. The methodology of how this data parameter is
collected in the fleld to increase its accuracy needs to
be reviewed so that the accuracy can he improved.

,._.....
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The apparent problem concerning the validity of noise exposure
data management system and indicated by the preceding results is
that personnel nolse exposure may not be calculated accurately
for some ship operating modes, i.e. auxiliary steaming. This
conclusion may be modifled, to some extent, if the corrective
actions discussed under Item 5 are developed and implemented.

However, 1t should be noted that the noise problem for this
condition was limited to only 2.6% of the personnel surveyed
when the mean noise dose 1s considered (see Tables 4.8, 4.11 and
4,14). Thus, the importance of this operational mode to the
yearly individual nolse exposure (when the exposure and time
spent for all other operational modes 1s 1ncluded) most probably
will not be very substantial. It should be noted that this
conclusion may not be true for all ship classes.

Finally, the preceding results and analysis showed that the
personnel grade description was inconsequentlial to the noise
exposure plcture. That 18, no specific personnel grade could be
identified as being more exposed to noise than another (rank-
ordering of grades by exposure). The ability to distinguish
among grades 1s believed to be important in comparison with
audiometric data as part of the general objectives of the data
management system. The inability to distinguish among grades in
terms of noise exposure in the preceding analysis is attribut-
able to the use for a data base of the auxiliary steaming condi-
tion where only a small percentage of personnel are overexposed.
This result 1is not expected to be representative of the average
conditions on board ship, as Reference 1 shows that a large
percentage of engineering personnel are overexposed on a yearly
basis.

It 1s believed that the evaluation of the underway operational
mode will not only result in substantially higher percentages of
personnel being overexposed (and to a larger degree) but also in
a more structured work pattern where grade rankordering
according to exposure will be 1dentified.

5-5
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ized, can be used in concert with the shipboard noise exposure
model developed in an earlier study [1l] to assess the magni-
tude of the overexposure problem on individual ships, ship
classes and ultimately the entire fleet. The benefits of this
approach are guidance in the development of hearing conserva-
tion and educational programs, and in the assessment of noise
control priorities in the fleet. Future extensions of the data
management system include:

1. The assessment of audiometric data together with the noise
exposure data as a function of personnel rates and,

2. Extension of the system capabilities to other occupational
hazards such as heat stress.

The results of this study, which was conducted on 12 ships of
the FF-1052 (Knox) Class, showed that standardized megsurement
techniques consistent with the requirements of the data base
can be successfully collected by Navy personnel (Environmental
Preventative Medical Units). Both the time required to per-
form each survey and the quality of the data collected by the
EPMUs meet with the original goals of the study.

The validation of the data base was conducted based on the
analysis of the "auxiliary steaming'" operational mode of 12
ships. Noise exposures for various engineering rates were
computed using the analytic model and compared with an inde-
pendent data set collected using dosimetry. The results of
direct comparisons show substantial discrepancies. These are
due mostly to a lack of consistent definition in the personnel
assignment data and the proximity of the calculated noise ex-
posures to the threshold established by the BUMED noise stan-
dard. In retrospect, the selection of the "Auxiliary steaming]
operational mode was unfortunate in the validation effort. It
is believed that comparisons for an "underway" operational
mode would yield significantly more consistent results.

It is recommended that a limited validation of the '"underway"
mode be conducted. Furthermore, it is recommended that the
data base be computerized, at least for the FF-1052 (Knox)
Class and that all EPMUs utilize the data acquisition pro-
cedures when surveying this class.
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APPENDIX A

THE OCCUPATIONAL NOISE EXPOSURE & ASSESSMENT MODEL

This appendix contains the outline of the nolse exposure and
assessment model developed in Reference [1]. It is presented
here for completeness and as a reference to the additional
utility of the data base in addition to the computation of
personnel nolse exposure.
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APPENDIX A

A. OCCUPATIONAL NOISE EXPOSURE AND ITS CONTROL -~
AN ASSESSMENT MODEL

This chapter presents a discussion of the data base requirements
and the sequential steps necessary to evaluate and quantify the
nolse exposure problem on board surface vessels. The assessment
model also explores the acoustic data base and steps necessary
to evaluate the nolse reduction requirements for equipment in
order to meet a specifié procedure that may be used to evaluate
the state-of-the-art in nolse control technology on board ships
and the costs assoclated with the implementation of this tech-
nology.

The intent was to develop a model, general enough to evaluate
the nolse exposure problem on any ship class in the U. S. Navy,
and to provide a sequentlal procedure for the assessment of the
noise control alternatives and costs. The parametric organiza-
tion of the data base allows for a quick evaluation of personnel
nolse exposure problem in the face of present as well as any
future standard. The data base also has the flexibility to be
easily expanded by the addition of more information as 1t be-
comes available to the Navy, thus providing for a more accurate
assessment.

A.1 A Model for Noise Exposure Evaluation

This section presents an overview of the general model that will
be used to compute the noise exposure problem in shipboard
spaces and will discuss the data base requirements necessary to
utilize the model.

The need for a model stems from the fact that personnel noise
exposure is a quantity which requires the understanding of

A-1
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several varlables; not all of which are noise oriented. For
example, since nolse exposure 1s a time weighted quantity
(according to DOD/BUMED), it is necessary to know not only the
given noise level at a given location but also how that level
changes as a function of the ship's operational characteristics.
Furthermore, since personnel noise expousre is time and location
dependent, 1t 1s necessary to obtain a relationship between crew
time and location assignments and the nolse levels generated by
the different ship conditlons.

The data base requirements for a personnel noise exposure evalu-
ation are as follows:

(1) Snip operational characteristics

(2) Personnel work assignments

(3) Airborne noise data
The following discussion explores these parameters in terms of
the model and shows they interact for the computation of noise

exposure.

A.1.1 Ship Operational Characteristics

Occupational noise criterla are based on the assumption that

exposure levels are repetitive, day in and day out, over long
perliods of times; for example, a number of years. This condi-
tion, of course, does not hold true in the Navy since each ship
goes through a number of operational characteristics from cruis-
ing conditions to at-dock conditions in the course of a year.

Each one of these operational conditions 1s characterized by
different noise levels, especially in the engineering spaces
since the number of on-line pieces of equipment needed under
different conditions varies.

- -




AD=A115 272 BOLT BERANEK AND NEWMAN INC CANOGA PARK CA F/6 6/19
DEVELOPMENT AND VALIDATION OF SHIPBOARD NOISE EXPOSURE DATA AC@=-ETC(U)
NOV 81 B A KUGLERe» C H HANSEN: A 6 PIERSOL NOQ014=78=C=0008
UNCLASSIFIED BBN=&735

R

.




s £
= E :% |||||2§0
"“I T
= llLe
izs fhis pre

MICROCOPY RESOLUTION TEST CHART
NATIONAL BURFAU OF STANDARDS 1963 A




Report 4735 Bolt Beranek and Newman, Inc.

The obJective of the ship class operational characteristic
parameter 18 the definition of operational modes which can be
considered constant. This will allow the computation of person-~
nel noise exposures which are unique to a specific ship opera-
tional mode. For the purpoées of this program we will define an
operational mode as a ship condition for which the machinery
line-ups in each engineering space and the personnel assignments
of the crew can be considered constant. In other words, an
operational mode means that the noise level at a specific loca-
tion is closely related to speciflic machinery line-up and can be
considered constant at that location. Furthermore, it means
that the personnel working in the engineering spaces go through
typical routines that may be considered nearly constant for that
operational mode.

The manner in which naval ships operate varies depending on
their mission. In that sense, each vessel proceeds through a
number of assignments in the course of a year from at-dock
conditions, where the vessel is statlionary and only a limited
number of equipment is operational, to underway conditions which
require it to steam under a variety of speeds. FEach speed or
range of speeds may be assoclated, in principle, with the opera-
tion of a specific machinery line-up, especially in the propul-
sion system area. It should be recognized, however, that within
a ship's class, the operational characteristics and machinery
line-up may vary to some degree.

Since, as was pointed out, noise levels within the engineering
spaces vary as a function of machinery line-up (equipment
operating for a specific condition), it is necessary to describe
the ship operational history as a function of time. Moreover,
it 1s desirable to assoclate a specific machine line-up with
each operational mode. Finally, in order to describe a ship
class, it is necessary to evaluate how the operational history
and machinery line-up vary within the class. This will permit
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an assessment of the varlabllity within the class and, in fact,
will allow_to determine if a typical operational history can be
chosen to describe the class. The preceding discussion leads to
the following data base requirements necessary to describe the
ship class operational characteristics:

»

(1) Ship operational history where the amount of time spent
at-dock and underway is specified for at least a one-year
period.

(2) A definition of the machinery line-up (on the average)
when the ship 1s operating in each of the above two
modes. It is expected that more than one machinery
line-up may exist within each mode (i.e., cold iron and
auxiliary steaming at-dock). This will necessitate the
definition of a number of sub-modes, which may be char~
acterized by a specific machinery line-up. For example,
when underway, 1t i1s conceivable that machinery line-up
will have a relationship with speed ranges of the ship.

(3) In order to develop an understanding of the mode or
sub-mode varlability within a ship class the above
parameters are required for more than one ship within the
class. The number of vessels required for the class
evaluation will depend largely on the variability found
from ship to ship so that a statistically valid sample
may be examined.

The above data will be used to develop a quantitative descrip-
tion of a ship class operational characteristics. The following
relationships will be evaluated and computed:
(1) 'The definition of a ship's "typical time history year"
where the percentage of time spent within each mode or
sub-mode is quantified (i.e., 20% of the time at cold

A=l
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N iron, 10% of the time steaming between 10 and 15 knots,
etc.).

(2) The definition of the "typical time history year" vari-
ability within the class. This will allow to assess the
probability of sub-mode occurrence and confidence limits
assoclated with the assumptions for typical operations.
Ideally, 1t is desirable to introduce statistics into the

| ) ‘ evaluation by computing the mean and the standard devia-

tion for each mode or sub-mode of operation (i.e., the
mean time spent at cold iron sub-mode is 20% with a
standard deviation of 5%). This approach will allow to
Judge if "typical ship class operational history" is in-
deed quantifiable and define the limits assoclated with
the description.

(3) The definition of "typical ship class machinery line-up"
within a mode or sub-mode and the variability found in
the class. The machinery line-up must be specified
separately for each englineering space considered. It 1s
expected that certaln variability in this parameter will
be found from ship to ship. The definition of the "typi-
cal ship class machinery line-up" will be obtained Y
simllarly to the "typical time history year" by evaluat-
ing the statistics assoclated with the ship's class
operation.

In summary, the operational modes and sub-modes will define the
ship operating conditions for which the noise levels in differ-
MR ent engineering spaces and the operator assignments in those
spaces can be considered constant or are predictable on a

i { twenty-four hour basis. PFurthermore, the variability of these
' operational modes for a specific ship and across ship class will
[ also result from this evaluation. '
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A.1.2 Noise Exposure Model

A "hazard" can be defined as a physical effect which has an
adverse impact on the health or safety of individuals in the
work environment. In the case of shipboard environments two
typical potential hazards are noise and heat stress. Each one
of these hazards will have an adverse effect on the health or
safety of personnel i1f they are exposed to the hazard for
extended periods of time or the magnitude of the hazard is
excessive.

It might be generalized that many health standards, developed to
Judge the acceptabllity of & hazard are written in terms of two
parameters: time and magnitude. In other words, an operator
may safely withstand a certain level of a hazard for a specified
amount of time without adverse effects. In general, the magni-
tude of the hazard i1s related to the exposure time to the
hazard. The longer the exposure time, the lower the allowable
magnitude of thé-hazard. Time and magnitude, therefore, are the
two parameters which specify the permissible exposure to a
hazard which, in the Judgement of a health standard, is consid-
ered permissible.

Let us now address the problem of the data base required to
evaluate the magnitude of a hazard on man. In the present case
the hazard is excessive noise. As specified in the data base
requirements of Section A.l, in addition to ship operational
characteristics, the two inputs necessary for the computation of
noise exposure are personnel work assignments and airborne noise
data. Airborne noise is given by the physical phenomena which
can be readily measured in terms of sound pressure level.
Associated with the acoustical measurement is the location at
which the measurement is acquired. Therefore, the description
of the noise hazard can be accomplished by describing two
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variables: the magnitude® of the noise and the location at
which the noise was measured. The description of the hazard
does not require any additional parameters to the magnitude and
location and can be considered constant for the same operational
mode or sub-mode.

The second requirement of the data base is the description of
the personnel work assignments. Since by definition, the word
"exposure" implies that an individual is exposed to the hazard,
it 1s necessry to quantify where and for how long this exposure
takes place. Therefore, the duty or personnel work assignment
input has two variables: ¢time and location.

Figure A.l depicts the general arrangement of the noise exposure
model. The two basic inputs to the calculation of personnel
noise exposure; the personnel work assignment or duty in terms
of time and location and the noise level, in terms of location
and magnitude are identified for each operational mode or
sub-mode. The dependent variable in the data base is
"location": the magnitude of noise at a specific location and
the amount of time the individual spends at the location. The
independent variables are of course time and magnitude. Both
the BUMED Inst. 6260.6 and the DOD Inst. 6055.5 are formulated
in this manner. The former is as follows:

T = 16
‘2(L-8057E (1)

where L is the measured noise level at the operation location in
dB(A) and is the allowable time of exposure to level L in
hours.

¥ Since most noise standards are written in terms of the
A-weighted sound pressure levels (dBA), the magnitude of the
noise 1s the only necessary physical descriptor of the pheno-
mena. Implied in the descriptor is a frequency weighting of the
noise spectrum which allows to describe the entire audio fre-
quency range with a single number.

A=7
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The knowledge of these two data inputs allows us to develop the
relationship between the duty of the operator and the hazard;
this relationship being a function of time and magnitude as
follows:

IiJ = I1J f(LJ,CiJ) (2)

where I1 is the ith individual at the jth location, LU is the

level in dBA at location § and C1J is the time spent (in hours)
by the ith individual at location j. The subscript J refers to
the number of spatial locations considered from 1 to m and the

subscript i1 refers to the number of individuals being evaluated
from 1 to n.

The development of the relationship between duty and noise is
the most important and difficult step in the nolse exposure
problem. Once this relationship has been established, any
man-hazard effect standard can be quickly evaluated and com-
puted.

A few notes of interest. 1In principle, the noise level data
base should be given on & point by point basis. Similarly, the
data base for the duty or personnel work assignment should be
done on an individual by individual basis. In practice, this 1is
not only impossible but under most conditions, not necessary.
For example, the spatial description of noise can be assoclated
with an area; the size of the area will depend on the fluctua-
tions in the noise levels and the‘accuraCy required. In some
cases, this may mean a quarter of the space in question or even
the entire space may be described by a single noise level. 1In
the case of personnel assignment, it 1s possible to assoclate
duty with a job description or rank which is common to a number
of individuals. These groupings will depend on the variability
of jJob assignments, accuracy required and the ability to predict
personnel movements over the long term. In deciding on the
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above groupings and generalizations, it is important to remember
that the model is intended to describe and analyze the noise
exposure problem of an entire ship class. In that sense, aver-
aging techniques in the spatial description of noise level and
grouping techniques in the description of personnel assignment
are not only valid but desirable. This will simplify the extent
of the data base requirements provided that statistical techni-
ques are used to describe theé mean and variability of each
descriptor so that, in the end, a meaningful assessment of the
accuracy and confidence limits for the personnel exposure pre-
dictions can be made. )

Furthermore, it should be noted that once the relationship
between duty and noise has been established, the information can
be updated and refined by any future new information available
about one of the above two descriptors. For example, the per-
sonnel work assignment data base for a fireman may be described
in terms of the number of hours spend at each different location
within the engine room based on the information acquired for the
group on two ships. The statistlics of the data base will pro-
vide the confidence limits for that descriptor. If information
on the duty assignment for that group is available later for
three or more other ships, the confidence limits for the des-
criptor will be obviously improved. The same reasoning applies
to the description of the spatial noise levels.

The relationship between duty and nolse may now be used to
calculate the personnel noise exposure dose as outlined in
Figure A.1l. In the case of the DOD standard, the relationship
formulated in Eq. (1) may be used to define the fractional noise
dose (f) as follows:

e
L}
|
e

(3)
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where T1J is the maximum allowable time (in hours) permissible
by the standard at the nolse level LJ. The fractional noise
dose 1s constant for the same operational mode.

The computation of the Daily Noise Dose (di) follows directly
from the fractional noise dose equations by using the relation-
ship:

=]

d, = ==+ ==5 4+ o o 4+ =0 = T (4)

This calculation results in a single number descriptor which can
be compared to the limit statement in the standard to ascertain
exceedance or non-exceedance of allowable limits.

The major results that can be drawn from the computation of the
dally nolse dose are:

(1) Identification of the number of engineering space
personnel exposed to excessive nolise levels: This 1is
done on a space by space basis. For example, if we
assume that there are eight operators assigned to the
engine room, the results will show.that for the cruilsing
mode, between 10 and 20 knots, six of these individuals
will have exposures 1n excess of the present OSHA noise
regulation and two are in compliance with the standard.

(2) Definition of the magnitude of exceedance and the ability
to rank order personnel by noise exposure: An example of

this is the same six individuals found over exposed above
but now the noise exposure levels for each individual can
be rank ordered according to magnitude.
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(3) Ability to evaluate, on a comparative basis, the effect
of two or more noise standards: An example of this is
comparing the BUMED regulation versus the new DOD noise
regulation. In this case, using the example of the
engine room we might'rind that according to the BUMED
standard only six individuals have excessive noise
exposures and in the case of the new DOD standard, all

eight individuals have a problem.

(4) Ability to evaluate the noise problem on an operational
mode by mode basis: Por example, when in port, under
auxiliary steaming, only three individuals may have
exposures in excess of the Navy standard. On the other
hand, when underway, at 25 knots, seven out of the eight
individuals may have an excessive nolse exposure. This
information, together with the knowledge of percent of
time that the ship class spends in each operational mode,
may be used to judge the importance of each mode on the i
overall noise exposure problem of the class.

In summary, the procedure suggested in Figure A.l allows for not
only the computation of the dally noise exposure for a given

operating mode but also for the assessment of the differences in
noise exposure among various standards and operational modes. [

vy
[P

A.2 A Model for Noise Reduction Evaluation

This section describes the analysis necessary to define the
overall noise reduction requirements in each engineering space
based on the personnel noise expsosure results. Furthermore, 1t
describes the sequential steps and data base necessary to
establish the contribution of individual noise sources (equip-
ment) to the overall noise at a given location and the defini-
tion of individual source noise reduction requirements.
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The analysls of the noise exposure problem is done through the
use of fractional noise dose data developed as a result of the
‘ . relationship between duty and noise discussed in the previous

! section. The objective of this procedure 1is to identify the

i minimum nolse reduction requirements (ALJ) at each location as a
‘ function of the total noise exposure problem (not simply noise
{ levels) in an optimum manner. The sequential analysis is shown
in Figure A.2. The analysis i1s limited to individuals who have
been identified as having an excessive daily noise exposure
dose, dk‘ This operation is defined by the first entry in

, Figure A.2 where the individuals with excessive nolse exposures
1 ; are classified as follows:

I, = Ik(dk > 1.0) (5)

vhere k 18 a sub-set of 1 from 1 to 2.

R
First of all, the fractional noise doses, (fk) are organized in
array form together with the daily noise dose (dk) as follows:

Locations

J a
k 1 2 3 .« o a m k

1. fu rjz f:s 11 d1

2 r b 4 b g f |

21 22 23 2m 2

; : : A I S
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Gl oy Py

BN A G oa . T e

This presentation summarizes all of the daily noise dose infor-
mation and shows the contribution of each location to the daily
noise dose. It is desirable to classify these locations accord-
ing to their contribution to the noise exposure problem. This
is accomplished through the calculation of the Priority Index
(PI) as shown in Figure A.2. First of all, we define the
Partial Priority (PP) as:

A=-13
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Identificotion of Excessive
Noise Exposure
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FIGURE A.2 ANALYSIS OF NOISE EXPOSURE
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fk
‘ = Tﬁ;_fLTT when fkJ - (dk - 1)
= ]

when f

(PP)yq (6)

As described by the equation, the Partial Priority is the ratilo
of the fractional nolse dose to the excess dally nolse dose.

The ratio indicates the fraction of overexposure that would be |
eliminated from the individual's dally noise dose if the noise !

level at location J was reduced to the threshold level for the
exposure time.

Using Equation (6) the fractional noise dose array may be con-
verted into a Partial Priority array as shown below:

man J Locations
K dy
1l 2 3 . o o m
1 PPy, | PPy, | PPys | . . . PPym 4,
.
2 pp,, | ep,, | ®p,, | ... PP, a, .
t
R Ple PP"‘z Pst o o o Psz dl
< PI PI PI PI
Y (pp)kj 1 2 3 <o m
k=1

, The sum of all individual partial priorities at a given location
is defined as the Priority Index (PI) as follows:

£
! =
(PI), kZ:l (PP),, N

The (PI)J indicator provides a ranking of each area according to
where the most reduction in excess noise exposure (not simply
noise exposure) could be achieved for the most people. The
distribution of (PI)J also provides a quick assessment of the

Uaeobh‘
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relative importance of one locatlon versus another and in that

sense serves as a gauge in ldentifying the "hot spots" which
2 contribute most to overexposure.

{ Two factors of note about the (PI)J indicator. Fipstly, the
maximum value of (PI), 1s one times the number of overexposed
! individuals considered (1x¢t). For example, if 5 individuals are
considered, the maximum value of PI = 5. The significance of
P - obtaining the maximum rating at a given location is that by
reducing the noise level at that location to the standard, all
individuals considered would be in compliance. In other words,
the reduction of the noise level from the measured to the
standard (90 dBA for OSHA) at that location will bring the
exposure of all individuals to the maximum permissible or below
without any controls at other locations regardless of level.
Secondly, 1f more than one individual 1is considered in each
category k (the individual was defined previously as one person
or a group of people performing the same work routine), the *
i (PI) 1indicator may be very simply modified to include a weight-

i ing factor that will reflect this case. The required modifica- lj
| tion includes the addition of a factor N to Equation (6) as -
i follows: ij
f £ I}
! =N, - z——zi——) when fp, < (4, - 1) (
d, -1
=N, when ka,> (dk - 1) ‘

where Nk is the number of individuals in category k. This -

change will also modify the maximum value of (PI)J from (1x%)
to:

2

| Maximum (PI) = Z N, (9) !
k=1 : ' ’
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In practical cases, the PI indicator 1s seldom equal to the
maximum. In this case, the distribution of PI values allows to
rank order the problem areas by location as was pointed out
previously. However, the final objective is to evaluate the
magnitude of noise reduction that 1s required at each location
to meet a standard. The optimum method to compute the magnitude
of noise reduction required is by an iterative process using the
PI ranking indicator.

The method calls for reducing the noise level of the highest PI
indicator in 1 4B steps until the PI indicator is reduced in
magnitude to below the second highest. The operation 1s repeat-
ed until no daily noise dose(s) in excess of the standard are
left (i.e., d; < 1.0). Each iteration involves the following
steps:

(1) Reduce the noise level, (L) by 1 dB at the location with
the highest PI ...

(2) Compute the new allowable exposure time, (C) for the new
level (L - 1) d4BA.

(3) Compute the new fractional noise dose (f) for all
individuals affected by this location.

(4) Compute the reduced daily noise dose, (d ) for all
individuals affected by this location.

(5) Re-compute the PI for all locations. Note that by
changing the magnitude of d,, the values of all (PP)kJ
are modified. The resulting effect is the reduction of
the PI indicator at the location with (L - 1) dBA and the
increase of the PI indicator at all other locations.

A-17
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(6) Repeat the operation until all d, values are equal to or
less than 1. Note as individual values of dk become
unity or less, the corresponding values of rk in the

array become zero and are excluded from further compu-
tation. )

The result of this operation will provide the minimum amount of
noise reduction required at each location that will result in
compliance with a standard. This method also optimizes the
procedure of assigning noise reduction requirements at each
location from the individual's excess noise exposure point of
view. The magnitude of noise reduction at each location (ex-
pressed in dBA) may now be rank ordered as shown in Figure A.2.

The analysis of the noise exposure problem resulted in the
development of noise reduction requirements, AdBJ, for each area
or location without specifying which sources of noise would
require nolse reduction. The sequential procedure designed to
evaluate the individual equipment nolse reduction is shown 1in
Figure A.3.%

Before we enter into the discussion of equipment noise reduction
requirements it must be noted that no simplistic procedure for
this step 1s possible since, for the case where two or more
sources contribute excessively to the noise level at a location,
an infinite number of source noise reduction combinations is
possible. Furthermore, the assignment of noise reduction to a

e w— v dm—

specific equipment 1tem generally must be weighted with some
engineering judgement as to the feasibility and practicality of

% Note that in addition to the magnitude, the noise reduction
requirement retains the statistics assoclated with the original
noise level. For example, a reduction requirement of 10 dB 1s
computed for a location whose mean noise level was described as
95.0 ABA with a standard deviation ( ) of 2.0 dB. Therefore, a
noise reduction requirement of 14,0 dB (10 + 2 ) would assure
that 95% of the ships within the class would meet the standard
at that location.

A-18
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.

achieving the desired reduction. Finally, we must recognize the
economic trade-off value by weighting the reduction of one

machine versus another. For example, often it is more expedient
and cost-effective to require a substantially higher reduction :
of one item over another although the noise level contribution C
of both may be the same. With these facts in mind, the follow~
ing procedure 1s presented as a guide rather than a strict -

methodology.

First of all, 1t i1s necesary to know which equipment items or

equipment components contribute to the noise level at the loca-

tion of interest. In other words, what 1s the noise level, in

terms of magnitude and frequency, that may be assoclated with ;
each equipment item. This requirement defines the need for a ;
second type of acoustic data base. The objectives for develop-

ing the data base are to describe the noise environment in terms

of the individual components and thelr paths of propagation.

The analysis of the noise environment is very often a compli-
cated problem, especlally in a shipboard situation due to the
number of sources that must be considered and the complexity of
the space within which the noise 1s propagated. Twec approaches
are possible:

(1) Diagnostic Noise Data: This method rellies on a systema-
tic data base accumulation in which individual pleces of
equipment are operated, one by one, and their contribu-
tion at different locations within the engineering space
is measured simultaneously. The procedure requires not
only sophisticated measurement techniques, but many
repetitive measurements before confidence limits to
different locations across the class can be established.
Information typically is presented in dBA and in octave
bands or third octave bands of frequency. Narrow band
data and equipment noise radiation characteristics are

e , - AR - o
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sometimes also avallable. In addition to the acoustic
data the operational characteristics of the ship and
machinery under which the test was performed must also be
well documented.

(2) Analytic Approach: This approach relies on a measurement
or estimation of Sound Power Level (PWL) for each source
and a propagation model that will allow the prediction of
the sound pressure level (SPL) of the source as a func-
tion of frequency at any specific location in the com-
partment. Due to the very complex reflection and thé
diffraction environment common to machinery dense

engineering spaces, this methodology may only have a
limited application to the Navy noise problem under the
present state-of-the-art.

Using the diagnostic noise data, the noise levels at location J
are reconstructed in terms of the individual contributors as
shown 1n Figure A.3. Based on the overall noise reduction
requirements, the individual equipment nolse reductions are
computed in terms of magnitude and frequency.

Note that the knowledge of the contribution of individual equip-
ment items to the overall noise environment at a location may be
used to compute the effect of an individual control on the per-
sonnel noise exposure problem. That 1s, if we assume that a 15
dBA control is available for the gear train, then this informa-
tion may be used to recompute the noise levels at all locations
affected by this item. Then the procedure indicated in Figure
A.l is repeated. This action allows for a quick "cause -
effect" assessment of controlling this equipment item on all
personnel affected and provides a tool for individual equipment
noise control trade-=off analysis.
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2.4 A Model for Cost Estimation of Noise Control

In the previous sections the assessment of personnel .noise
i exposure and individual noise reduction requirements for equip- ii

H ment responsible for excessive noise levels was discussed. This

section willl dwell on the aspect of noise control alternatives

that can be introduced to mitigate the noise problem and with

| the evaluation of noise control costs. Figure A.4 shows the

R
LU

-

sequential steps suggested to arrive at the estimate of noise
control costs.

—

First of all, the figure shows the individual source noise
reduction requirements that were developed in the previous
analysis. These requirements are given for each plece of
equipment in terms of magnitude and frequency.

[P

The nolse reduction requirements can now be addressed in terms ,
of noise control technology which can be applied to the Navy d
environment. The noise control technology represents the third :
type of data base required in the model. iJ

The purpose of the noise control data base is to identify the {}
type and quantify the performance of noise reduction systems
that may be applied to existing sources of excessive noise.
This includes a description of the physical characteristics of
the control measure, its mode of application and installation,
and the expected or measured noise reduction performance. The ;
noilse control techniques fall naturally into two groups:

- —_—

- v

(1) Proven Noise Controls: This group includes successful
noise control treatments that are documented by their
performance history from Navy applications. The objec-

_ tive here is to list all of the noise control measures

{ that have been successfully developed and implemented in

shipboard environments. Data such as the type of

A=-22 j
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Report 4735 Bolt Beranek and Newman, Inc.

(2)

treatment, configuration, description of its application,
and the amount of the noise reduction achieved through

the application are required in this portion of the data
base.

Conceptual Noise Controls: This group includes noise
control treatments used in other than Navy applications
or nolse control concepts which have not yet been proven
successful in shipboard environments. These measures may
take the form of:

a) Retrofit Controls: This generally refers to systems
that contain the noise near the source, i.e. enclo-
sures, partial barriers, damping, etc.

b) Modifications: This generally refers to replacement
of maghine partes with quieter ones or the addition of
noise control components.

c) Replacement of Sources: This generally means replac-
ing noisy equipment units with quileter versions.

d) Space Treatment: This generally means acoustic
absorbtive treatment of the space boundaries with the
objective to reduce the reverberant noise level con-
tribution.

The assessment of these conceptual noise control alterna-
tives must be made in line with the operational, safety
and maintenance requirements of the engineering spaces in
which the installation must be made. In that sense, some
of the shipboard operational constraints are taken into
account at this stage, even though no performance history
is availabie for the controls.

A-24

-~

p-‘t‘m"ﬁ' S




Report 4735 ) Bolt Beranek and Newman, Inc.

The final design of the conceptual noise control alternatives
into proven noise controls acceptable in shipboard environments
must, in many cases, go through a developmental phase which may
be construed as new noise control applications. The new nolse
control applications may take the form of a demonstration pro-
gram where potential noise controls are implemented on a vessel
and the performance history of the design is monitored.

Both proven nolse controls and conceptual noise control alterna-
tives are now the subject of cost estimates. The cost of noise

control represents the fourth and last type of data base requir-

ed 1in the model. The purpose of the cost data base i1s to iden-
tify the cost of hardware, implementation and maintenance of
each noise control measure.

The cost data base for the proven noise control techniques are
acquired from the experilience gained in the installations.” Here
variability due to the method of installation (using Navy per-
sonnel, civilian Navy shipyard personnel or outside contractors)
may be evaluated and be the subject of statistical treatment if
appropriate. No such experience exists for the conceptual noise
controls since these have not been implemented on Navy vessels
and the cost of hardware, implementation and maintenance must
necessarily be only a first order estimate. It is recommended
that shipyard estimators be used for that purpose and an average
value from three or more sources used.

The cost of noise control data base may now be used to arrive at
the total cost of noise control for each vessel and the class
based on the noise reduction requirements of a specific stand-
ard. The procedure allows for the development of a number of
cost trade-off analyses; the two most prominent being:

(1) The determination of the absolute and relative costs of
compliance between two or more noise standards. For
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Report 4735 Bolt Beranek and Newman, Inc.

example, the cost of compliance with present DOD
standard. ' ‘

(2) The cost-benefit analysis of individual noise controls
where the number of individuals in compliance as a result
of the implementation of a control may be assessed on its
own merits or versus another control. -

The above analysis may be used to develop budgetary estimates

for appropriation requests and to assist in defining those noise
sources which are most critical from the standpoint of poteﬁtial
hearing damage. i o
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SOUND SURVEY FORM

"FF1052 Class Page 1 0f 12
| JDE GENERAL INFORMATION CODE OPERATING CONDITIONS
Ship’s Class FF1052 KNOX Readiness @ Cond. 1D Cond. 110
3 Space Surveyed Engine Rm. Lower Level Cond. VOCond. VO
Ship’s Name Operating Mode
, Survey Date i (a) In-Port Cold Iron D
: Time of Day Aux. Steaming O
Inspected by (b} Underway Speed kts
_ Meter Type Shaft rpm
! Serial Number
_ SOUND LEVEL DATA
Loc. | Meas. | daBa  |INTER®D COMMENTS @ Loc. {meas.| daBa |iNTER. COMMENTS
cODE | LrocC. ? copE| Loc. ?
EL1B EL6
EL2B EL7
EL3
EL4
ELS
PERSONNEL ASSIGNMENT DATA
toc. | meas.® micer | RaTe®| wear@lwaTcHOHRS./DAY AT LOC.©) COMMENTS®
cobe| Loc. | TITLE PROT. | STAND
? ? WORK | WATCH




FF1052 Class

SPACE: Engine Rm. Lower Level

MACHINERY LINE-UP (OPTIONAL)
Main Settling Tonk E I"m' N CODE DESCRIPTION ON{V)
{Emer. Main Reduction Gear
o o Main Condensate Pump 1A
Ener. F,'.,?.; Main Condensate Pump 18
Fire Pump No. 3
Main L.O. Ser. Pump Main Condensate Circulation Pump No. 1
B Main L.O. Service Pump 1A
Main L.O. Service Pump 18
° : Cire L.O. Purifier No. 1
Distillate Feed Pump No. 1
Distillate Feed Pump No. 2
s :Ll:: Sump Drainage Eductor
Ship ] Emergency F.O. Transfer Pump
Main. Reduction
- ear
) Oily Water
“x-Bilge Sump
>yl Tank
Fire
Pump
kW
Drainage
Eductor
BHD 107 D 97
DEFINITION OF PERSONNEL RATES DEFINITIONS & AMPLIFICATIONS

RATE RATE DESCRIPTION DIVISION

MMC Machinist Mate - Chief A @ Resdiness Cond. |- Genersl Querters

MM1  Machinist Mate - 15t Class A Cond. 111 - Wartime Steaming

MM2  Machinist Mate - 2nd Class A Cond. |V - Pescetira $uaming

MM3  Machinist Mate - 3rd Class A Cond. V- In-Par:.

MMFN Machinist Mate - Fireman A @ ntar. ? Stends for it the noise level intermittent?” The ques-

FN Fireman A tion mark (?) requires a “ves” or ““no” enswer. Inter-
mittent noise is defined as the sound genersted by

BTCM Boiler Tender - Master Chief B machinery which is cycled on and off and results in

8T1 Boiler Tender - 15t Class B large fluctuations in noise levels (more than § dBA).

BT2  Boiler Tender - 2nd Class B ® Comments Should be used to note faulty machinery or sny other

BT3  Boiler Tender - 3rd Class B factor that, by inspection, mey be responsible «:r an

BTFN  Boiler Tender - Fireman B unasusl Roise environment at the mesturement loce:

EMC  Electrician Mate - Chief 3 @ Moas. Loc. Enter the sound fevel messurement symbol which is

EM Electrician Mate - 1st Class E located clossst to the individusi’s position (see Figure).

EM2  Electrician Mate - 2nd Class E ® Ron Enter individusl’s rete sbbrevistion 88 shown on the

EM3  Electrician Mate - 3rd Class E personnel rate table; i.e. Boiler Tender, First Class-

EMFN. Electrician Mate - Fireman E 8T

MMCS Machinist Mats - Senior Chief ™M ® Woor Prot. ? Stands for “is the individusl weering personal hearing

MM1  Machinist Mate - 1st Class M m‘;m‘,‘,:h: .'.'v':'.'.':f:.'.""m"".. . ;"" question

mg M"‘d'l :"!"x:"'g":gm :: @ Warch Stand?  Stands for s the individus! s wetch stander or 8 watch

nist Mate - 3rd Class stander trainee?”. The question merk (7} requires s

MMFN Machinist Mate - Fireman M “yos" OF N snewer.

FN Fireman M @ Hn/Daystlec.  Enter the number of hours (1o clossst % hour) that tt.
individusl works st focation. If snewer is “yes” 1@
onter number of hours spent es & watch stender st lo-
cation,

@ Comments Should be used to deecribe work taek when appropriste.
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I  FF1052 Class SOUND SURVEY FORM Poge 20f 12
f ( .ODE GENERAL INFORMATION CODE OPERATING CONDITIONS
Ship‘s Class FF1052 KNOX Readiness @ Cond. 10 Cond. lIIO
Space Surveyed Engine Rm., Upper Level Cond. IVOCond. VO
Ship’s Name Operating Mode
Survey Date 1/ (a) In-Port Cold Iron m]
Time of Day Aux. Steaming O
Inspected by {b) Underway Speed kts
Meter Type Shaft —____rpm
Serial Number
SOUND LEVEL DATA
LoC. | MEas. | dBa  [INTERQ COMMENTS @ LOC. |MEAS. | a@BA |[INTER. COMMENTS
CODE | LOC. ? CODE| LOC. ?
EUIW EUE
Eu28 EU7
EU3 EUS
EV4
EUS .

! PERSONNEL ASSIGNMENT DATA

LOC. MEAS.Q‘ oiLLeT | RaTE®| :v:Aa vg\_rcuduns./mv AT LoC.®)| COMMENTS®
cobe| Loc. | TTLE T. | STAN
0 ? ANO Twoak | warew




FF1052 Class

SPACE: Engine Room — Upper Level

@ Comments

=A/C Cond. Woter e{c Cord.. Water™ MACHINERY LINE-UP (OPTIONAL)
Chiller 8 Revr, iller & Revr. CODE DESCRIPTION
Work Bench m
A/ C.W., 2
Cire. "'“"@ 8 g as Main Reduction Gear/H.P. Turbine/L.P. Turbine
[ ] m Distilling Plant No. 1
w - v Distilling Plant No. 2
A/C Comp. L.O. Strainer
| v.L, Up-m Come. Main Condensate Circulation Pump
E n Main Condensate Air Ejector
1.0, Strainer ﬁcﬂloln Cond, Air Conditioning Compressor No. 1
re. Pumg Air Conditioning Compressor No. 2
T A/C Chilled Water Circulation Pump No. 1
eu7 A/C Chilled Water Circulation Pump No. 2
q- |
lv.l.
0 8 =&
BHD 107 BHD 97
DEFINITION OF PERSONNEL RATES DEFINITIONS & AMPLIFICATIONS
RATE RATE DESCRIPTION DIVISION
MMC  Machinist Mate - Chief A @ Resdiness Cond. |- Genersl Querters
MM1 Machinist Mate - 1st Class A Cond. 11} - Wartime Steaming
MM2  Machinist Mate - 2nd Class A Cond. IV - Peacstime Stesming
MM3  Machinist Mate - 3rd Class A Cond. V - In-Port
MMFN Machinist Mate - Fireman A @ tnter. ? Stands for “is the noiss level intermittent?” The ques-
EN Fireman A tion mark (?) requires @ “yes” or “no’ answer. Inter-
mittent noiss is defined ss the sound genersted by
BTCM Boiler Tender - Master Chief B mechinery which is cycied on and off and results in
BT1 Boiler Tender - 1st Class B lerge fiuctuations in nolss ievels (moce than § dBA).
B8T2  Boiler Tender - 2nd Class 8 @ Comments Should be used to nots faulty machinery or any other
8T3  Boiler Tender - 3rd Class 8 factor that, by inspection, may be responsible for an
BTFN Boiler Tender - Fireman 8 :’:‘n“ Roiss environment at the messurement loce-
EMC  Electrician Mate - Chief E @ Moss. Lec. Enter the sound level messursment symbol which is
EM1 Electrician Mate - 15t Class E located clossst to the individual’s position (see Figure).
EM2  Electrician Mate - 2nd Class E ® Rets Enter individual’s rate sbbrevietion s shown on the
EM3  Electrician Mate - 3rd Class E personnel rate table; i.e. Boiler Tender, First Clase-
EMFN Electrician Mate - Fireman E 8T1.
i . i @ Woar Prot. ? Stends for “is the individual weering personel heering
MMCS Machinist Mate - Senior Chisf L fon?" such e Serpluge or e The |
MM' mini" M.t‘ hd 1’t Gm M "k (?’ Nﬂllfﬂm nv“n or “M” anewer
MM2  Machinist Mate - 2nd Class ™ '
MM3  Machinist Mate - 3rd Class M @ Wowh Sundt Stands for " e indivicunt 8 veth stmndr or ¢ e
MMEN  Machinist Mate - Fireman ™ e or i o uetion reaires
FN  Fireman M @ Wn/Day stLoc.  Enter the number of hours (10 clossst X hour) thet the

individusl works st locstion. If enewer is “yes” t0Q
onter number of hours spent as & wetch stander st lo-
cation.

$hould be used 10 describe work task when appropriate.
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* FF1052 Class SOUND SURVEY FORM Page 3 of 12
(’ .
\ .ODE GENERAL INFORMATION CODE OPERATING CONDITIONS
Ship’s Class FF1052 KNOX Readiness @ Cond. 10 Cond. 11O
Space Surveyed Engine Rm. — 2nd Deck Cond. IVOCond. VO
Ship’s Name Operating Mode
Survey Date L/ (a) in-Port Cold Iron 0
Time of Day Aux. Steaming O
Inspected by {b) Underway Speed kts
Meter Type Shaft pm
Serial Number
SOUND LEVEL DATA
toc. | meas.| o8a [iNTER® COMMENTS @ LOC. |[MEAS.| oBA |INTER. COMMENTS
coDe | LoC. ? coDE| Loc. ?
ESIW
ES 2
ES3
ES4
PERSONNEL ASSIGNMENT DATA
LocC. MEAS.Q! BILLET axre@! weARBlwaTCHOIHRS./DAY AT LOC.©) COMMENTS®
copbe | Loc. | TITLE PROT. | STAND
? ? WORK | WATCH

Ak MRS




FF1052 Class

SPACE: Engine Rm. — 2nd Deck

o v S ————y s = s

-~ - e e -

MACHINERY LINE-UP (OPTIONAL)
CODE DESCRIPTION Tontw
Vet or. | Vent Supply Fan No. 1
Foom ;:o"v‘ Vent Supply Fan No. 2
Prop .
Sta. On
——
Main l\o:ue'ion E]m E.,
—ealyma Cooler
’ | =
S e
Station
=
on. — TN -
Vent Supply Dn,
Fan 72 V. .
e X2
8HD V7 BHD 97
DEFINITION OF PERSONNEL RATES DEFINITIONS & AMPLIFICATIONS
RATE RATE DESCRIPTION DIVISION
MMC  Machinist Mate - Chief A ® Asadiness Cond. |- Generst Quarters
MM1  Machinist Mate - 1st Class A Cond. 111 - Wertime Steeming
MM2  Machinist Mate - 2nd Class A Cond. IV - Pgacetime Stesming
MM3  Machinist Mate - 3rd Class A Cond. V- In-Port
MMFN Machinist Mate - Fireman A @ tuter. ? Swnds for “is the noies level intermittent?” The ques-
FN Fireman A tion mark (?) requires & “yes"” or “no’ anewer. Inter-
mittent noles s defined as the sound generated by
BTCM Boiler Tender - Master Chief B mechinery which is cycled on and off and results in
BT1 Boiler Tender - 1st Class B8 ferge fluctustions in nolss levels (more than § dBA).
BT2  Boiler Tender - 2nd Class 8 @ Comments Should 1::: u:: to note faulty m:him or sny '::hor
BT3 Boiler Tender - 3rd Class 8 factor . by inspection, mey be responsible for en
BTEN Boiler Tender - Fireman 8 :f:lnlld noise environment st the messurement locs-
EMC  Electrician Mate - Chief E ® WMoss. Lec. Enter the sound level messurement symbol which is
EM1  Electrician Mate - 15t Class € focated clossst to the individual’s position (sse Figure).
EM2  Electrician Mate - 2nd Class E ® e Enter individusl's rate sbbrevietion ss shown on the
EM3  Electrician Mate - 3rd Class E personnel rate table; i.e. Soller Tender, First Clas-
EMEN. Electrician Mate - Fireman E ® T
. . : Weer Pret. 7 Stands for “is the individusl weering personel hearing
MMCS lhchin!st Mate - Senior Chief ™M on?" such o o e Te prie
MM‘ m‘“m Mltl . '“ Gm M m ‘7) 'ﬂl"’. an nv“u or um« anewer.
mg M::::::::g::g: :: Q@ Wotsh Suand ? MM"E?MT;.MQMMwom
MMFN Machinist Mate - Fireman M “yes” Or “no’’ snewer. Question romtee s
FN  Fireman M @ Wn/Deystloc.  Enter the number of hours (o closset % hour) that #,
individus! works st locetion. if snewer is “yee” 10Q
onter number of hours spent ss 8 wach stender at lo-
oation.
@ Commenn Shouid be ueed 10 describe work tesk when appropriste.
L Mot
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* EF1052 Class SOUND SURVEY FORM Page 4 of 12
(4 ..'ODE GENERAL INFORMATION CODE OPERATING CONDITIONS
Ship’s Class FF1052 KNOX Readiness @ Cond. 10 Cond. 11D
Space Surveyed Fire Rm. — Lower Level Cond. IVOCond. VO
Ship’s Name Operating Mode
Survey Date L/ (a) in-Port Cold Iron ]
Time of Day Aux. Steaming D
| Inspected by (b} Underway Speed kts
Meter Type Shaft pm
Serial Number Prairie Masker OnO Ooff O
SOUND LEVEL DATA
Loc. | meas. | a8a  |INTER®D COMMENTS @ Loc. [Meas.| dBA |INTER. COMMENTS
CODE | LOC. ? CODE| LOC. ?
FLIW FL6
FL2B FL?
FL3B FL8
FL4 FL9
FL5 FL10
PERSONNEL ASSIGNMENT DATA
Loc. | MEAS.®| BILLET RATEd WEARBIWATCHIHRS./DAY AT |.oc.®I COMMENTS®
CODE | LOC. | TITLE PROT. { STAND

? ? WORK

WATCH
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FF1052 Cless .
SPACE: Fire Rm. — Lower Level

MACHINERY LINE-UP (OPTIONAL) R
i
CODE DESCRIPTION fonenl A
Telephone Hood )
= Boiler No. 1A 1 {
; Fire Pume . iler No. .
! e S g Boiler No. 18
|

Main Fuel Oil Service Pump 1A ¥~ i
Main Fuet Oil Service Pump 18 M
Main Feed Booster Pump 1A
Main Feed Booster Pump 18 v~
Main Feed Booster Pump 1C
Fire Pump No. 2 !

e B, Gy @
) AN TR

o |

~
L

Air Como, 18
B ‘

mmn ivk@ |

Surner Cleaning Bench

Prairie Masker Air Compressor No. 1A z
Prairie Masker Air Compressor No. 1B

le /! Soiler .ml | Boiler Port Use Fuel Oil Service Pump )

HAM No. B No. 1A Potable Water Pump 1A i )
. 3 E] Potable Water Pump 18 {
@ . o ] Drainage Eductor

rorcore i) €3] seiter Gege ({13 8] : J

Waoter l R

Pump Boostar Pume R

Prairie Masker @ Fo. B

BHD 95 BHD 79 o
]
DEFINITION OF PERSONNEL RATES DEFINITIONS & AMPLIFICATIONS L{
RATE RATE DESCRIPTION DIVISION
MMC -Machinist Mate - Chief A @ Readiness Cond. |- General Quarters
MM1  Machinist Mate - 1st Class A Cond. 11 - Wertime Steeming
MM2  Machinist Mate - 2nd Class A Cond. IV - Peacetime Stesming
MM3  Machinist Mate - 3rd Class A Cond. V - in-Port
MMFN Machinist Mate - Fireman A @ intor.? Stands for “is the noies level intermittent?”” The ques-
FN Fireman A tion mark (?) requires & “yes” or “no” snswer. inter-
Tes mittent noise is defined as the sound genersted by
T TCM  Boiler Tender - Master Chief B machinery which is cycled on and off and results in
C 1 Boiler Tender - 15t Class B lorge fluctustions in noise levels (more then & dBA).
BT2  Boiler Tender - 2nd Class B @ Comments Should be used to note faulty machinery or sny other
BT3  Boiler Tender - 3rd Class -] "““"’ thet, by inepection, ""V‘:' responsible :‘:’ o
BTEN  Bpiler Tender - Fireman B Sinumigl nolee environment &t the messurement locs-
EMC  Electricien Mate - Chisf E @ Moss. Loc. Enter the sound level messurement symbol which is
EM1 Eiectrician Mate - 15t Class E located closest to the individuel’s position (see Figure).
EM2  Electrician Mats - 2nd Class E ® Ratn Entor individusl’s rate abbrevietion es shown on the
EM3  Electrician Mate - 3rd Class E personnel rate table; i.e. Boller Tender, First Class-
EMFN. Electrician Mate - Fireman [ 3 ® T
MMCS Machinist Mats - Senior Chief M Wear Prot. ? Stands for “is the individusl weering personel hesring
MM1  Machinist Mate - 15t Class M m?o';-":h: mf;mmm.mm,_ uestion
mg 'M“W':":"z:”'g:':g“' : D Wsh Sand?  Swnds for “is the individuel s wetch stander or s watch
nist Mate - ass stander traines?”. The question merk (7) requires o
MMFN Mochiqm Mate - Fireman M *yes” Or “n0" snewer. )
FN Fireman M @ Nn/Deystlec.  Enter the number of hours (to clossst % hour) that th,
individusl works st locstion. If enower is “yes” 0@
onter number of hours spent ss & watch stender at lo-
eation. -4
@ Comments Should be used to demcribe work ek when spprapriste. ;
Yo
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" £F1052 Class

SOUND SURVEY FORM Page 5 of 12
( .605 GENERAL INFORMATION CODE OPERATING CONDITIONS
Ship's Class FF1052 KNOX Readiness @ Cond. 10 Cond. 1110
Space Surveyed Fire Rm. — Upper Level Cond. IVOCond. VO
Ship’s Name Operating Mode
Survey Date L/ (a) In-Port Cold iron )
Time of Day Aux. Steaming O
Inspected by (b) Underway Speed kts
Meter Type Shaft pm
Serial Number Prairie Masker OonO off O
SOUND LEVEL DATA
Loc. | meas. | aea  |iNTER® COMMENTS @ Loc. |Meas. | dBA |INTER. COMMENTS
CODE | LOC. ? CODE| LOC. ?
FUIW FU6
Fu2w FU7
FU3B FU 8
FU4 FU9
FUS FU10
PERSONNEL ASSIGNMENT DATA
roc. | meas.®| mirer nATEOr WEARBWATCHOIHRS. /DAY AT LOC.®) COMMENTS®
CODE| LOC. | TITLE PRQT. | STAND
? ? WORK | WATCH
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FF1062 Class

SPACE: Fire Rm. — Upper Level

MACHINERY LINE-UP (OPTIONAL)
CODE DESCRIPTION ON(v)

' b’ | [

bt Boiler 1A
B e mer. Boiler 1B ("

; 08 [|Escere Main Feed Pump 1A~ v’

: Main Feed Pump 18

! Work Bench Main Feed Pump 1C+ v

; -

{

i Soiler Soiler 1A @

!

| )

1

|

N \

]

‘ Fu?

i}
=
P
§J
$HO 79
DEFINITION OF PERSONNEL RATES DEFINITIONS & AMPLIFICATIONS

RATE RATE DESCRIPTION DIVISION

MMC Machinist Mate - Chief A @ Resdiness Cond. |- Genersi Quarters

MM1  Machinist Mate - 1st Class A Cond. 111 - Wertime Steaming

MM2  Machinist Mate - 2nd Class A Cond. IV - Peacetime Steeming

MM3  Machinist Mate - 3rd Class A Cond. V- In-Port

MMFN Machinist Mate - Fireman A @ inter.? Stends for "is the noise level intermittent?”* The ques-

FN Fireman A tion mark (?) requires a “yes™ or “no" enewer. Inter-

mittent noles is defined es the sound generatsd by

BTCM Boiler Tender - Master Chief B machinery which is cycled on end off and results in

BT1 Boiler Tender - 1st Class B lerge fluctustions in noiss levels (more then 5 dBA).

BT2  Boiler Tender - 2nd Class B @ Comments Should be used to nots faulty mechinery or sny other

BT3 Boiler Tender - 3rd Class B M:d thet, by inepection, may be responsible for an

BTFN  Boiler Tender - Fireman 8 Sngousl noles environment st the messursment locs-

EMC  Electrician Mats - Chief E @ Moat. Lec. Enter the sound level messurement symbol which is

EM1 Electrician Mate - 15t Class E located clossst to the individusl’s position (ses Figure).

EM2  Electrician Mate - 2nd Class E ® A Enter Individusl's rate sbbravistion as shown on the

EM3  Electrician Mate - 3rd Class E personnel rate table; i.e. Boller Tender, First Class-

EMFN Electrician Mate - Fireman E ® BT

MMCS Machinist Mate - Senior Chisf ™ Weer Prot. ? Stands for “is the individusl weering personal hesring

MM1  Machinist Mate - 15t Class M T e . e question
) MM2  Machinist Mate - 2nd Class M D Watch Stnd?  Stands for “is the individual 8 watch stender of & watch

MM3  Machinist Mate - 3rd Class M stander trainee?”. The cquestion mark (7) requires o

MMFN Machinist Mate - Fireman M “yes” Of “no” enswer.

' FN  Fireman M @ WMr/Duystloc.  Entor the number of hours (o clossst X hour) that !,
individusl works st locetion. If anewer is “ves” 10Q
onter number of hours apent as 8 watch stender at lo-
estion.

' @ Comments Should be used to describe work wek when approprists.

§
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Page 8 of 12
; ‘ .;ODE ‘GENERAL INFORMATION CODE OPERATING CONDITIONS
: Ship’s Class FF1062 KNOX " Readiness @ Cond. ID Cond. 1D
! Space Surveyed Fire Rm. — 2nd Deck Cond. IVOCond. VO
; Ship’s Name Operating Mode
! Survey Date L/ {a) In-Port Cold tron D
, Time of Day Aux. Steaming O
! Inspected by (b) Underway Speed kts
Meter Type Shaft rpm
. Serial Number Prairie Masker OnO off O
SOUND LEVEL DATA
woc. [ meas. | a8a  [iINTER® COMMENTs O LOC. {MEAS. | dBA |[INTER. COMMENTS
CODE | LOC. ? CODE| LOC. ?
FS1
FS 2
FS3
! PERSONNEL ASSIGNMENT DATA
: LoC. MEAs.O] BILLET RATEQI WEAR wxrcuduas./mv AT LOC.@I . COMMENTS®
cope | Loc. TITLE PROT. | STAND
i . ? ? WORK | WATCH
!
|
|
|
é
t
!
]
S
[}
!
i e - - B N R N X . 4

L)

FF1052 Class

SOUND SURVEY FORM




e 1

FF1052 Class
SPACE: Fire Rm. — 2nd Deck
MACHINERY LINE-UP (OPTIONAL)
CODE DESCRIPTION [onin
Reserve 1 ' Acsen ‘
' Tou e} ] e i ~ Boiler 1A v/
= ' Boiler 1B
@ (H30) m Auxilisry Gland Exhaust Fan v~
' Por. ol ‘:’
.
} .
8HO W7
)
; DEFINITION OF PERSONNEL RATES DEFINITIONS & AMPLIFICATIONS
' RATE RATE DESCRIPTION DIVISION
‘ MMC  Machinist Mate - Chief A © Reodiness Cond. 1 Gerersl Cusarters
MM1  Machinist Mate - 15t Class A Cond. 11} - Wartime Steeming
MM2  Machinist Mate - 2nd Class A Cond. |V - Peacetime Stesming
' MM3  Machinist Mate - 3rd Class A Cond. V - in-Port
‘ MMEN Machinist Mate - Fireman A @ tater.? Sunds for “is the nolss level intermittent?” The ques-
£N Fireman A ton merk (?) requires 8 “ves” or “no’ snewer. inter-
mittent nolss is defined as the sound genersted by
BTCM Boiler Tender - Master Chief B machinery which is cycled on and off snd remits in
BTt Boiler Tender - 1st Class B large fluctustions in noles levels (more then § dBA).
BT2  Boiler Tender - 2nd Class B @ Comments Should be used 0 nots feulty mechinery or eny other
BT3 Boiler Tender - 3rd Class B8 factor that, by inepection, mey be responsible for en
| B8TFEN Boiler Tender - Fireman B ::annd noiss environment st the messurement {ocs-
: EMC  Electrician Mate - Chief E @ Moas. Loc. Enter the sound level measursment symbol which is
i EM1  Electrician Mate - 15t Class E laceted clossst to the individusi’s position (see Figure).
! EM2  Elsctrician Mate - 2nd Class E ® ms Entor individusl’s rate sbbrevietion es shown on the
EM3  Electrician Mate - 3rd Class E personnel rate tsble; i.e. Boller Tender, First Claw-
! EMFN Electrician Mate - Fireman E ® 8TI.
MMCS Machinist Mate - Senior Chief ") Woer Prot. 7 Stands for “is the individusi weering personel heering
MM1  Machinist Mate - 5t Class M . e e omon
MM2  Machinist Mste - 2nd Class M o) m ? " )
W3 Machinit Mae- JdCem M Wead? Sttt ittt e o
. MMFN Machinist Mats - Fireman M 3 “yes” or “no*’ enewer.
FN Firemen M @ Wn/Daystlec.  Enter the number of hours (to clossst % hour) thet b.
' individus! works st location. If snewer is “yes” t0Q
onter number of hours spent 8 & watch stender st lo-
i ostion.
\ @ Commentn $hould be ueed to deecribe work 1ek when eppropriets.

CoES ot T b
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" FF1062 Class

(

SOUND SURVEY FORM

Page 7 of 12

-ODE

GENERAL INFORMATION

CODE

OPERATING CONDITIONS

Ship’s Class
Space Surveyed
Ship‘’s Name
Survey Date
Time of Day
inspected by
Meter Type
Serial Number

FF1052 KNOX

Aux. Rm. #1, Lower Level

Readiness @

Operating Mode
(a) In-Port

(b) Underway

Cond. 10 Cond. l1i0
Cond. IVOCond. VO

Cold Iron O
Aux. Steaming O
Speed kts
Shaft rpm

SOUND LEVEL DATA

LOC.
CODE

MEAS.

LoC.

lNTER@
?

COMMENTS @

LOC.
CODE

MEAS.

INTER.
LoC. ?

COMMENTS

AL1

AL6

AL2

AL7

AL3

AL4

ALS5

PERSONNEL ASSIGNMENT DATA

LOC.
CODE

MsAs.d

LOC.

BILLET
TITLE

RATEd WEAHdWATCH
PR?OT. ST ?ND

HRS./DAY AT Loc.OI

WORK

WATCH

COMMENTS®




FF1052 Class
SPACE: Aux. Rm. No. 1 — Lower Level
MACHINERY LINE-UP (OPTIONAL)
—ll
—— CODE DESCRIPTION ON(W"
N Fin Stabilizer
i 2
! - $.S. Turbo Generator No. 1A
8.S. Turbo Condensate Air Ejector No. 1A
S.S. Turbo Generator No. 18
; 8.S. Turbo Condensate Air Ejector No. 18
S.S. Turbo Generator No. 1C
S.S. Turbo Condensate Air Ejector No. 1C
: Fire Pump No. 1
Fire Stabilizer Power Unit No. 1
i £.0. Ser Fire Stabilizer Power Ur:t No. 2
; Tomk Ve F.O. Transfer Pump
: ! ' ASROC Circulation Pump
L G4—o - _._-———- Drainage Eductor
Cond. Circ. Pump @
; B E Cond. CNDS Punp
! | Cond. Circ. Pump s 1
" Cond, CNDS
10
[[] | »
Drainoge
Ein Stabilizer Eductor
n
< 8HD &7
BHD 79
DEFINITION OF PERSONNEL RATES DEFINITIONS & AMPLIFICATIONS

RATE RATE DESCRIPTION DIVISION

MMC  Machinist Mate - Chief A @ Resdiness Cond. |- Genersl Qusrters

MM1  Machinist Mate - 1st Class A Cond. t11 - Wartime Steaming

MM2  Machinist Mate - 2nd Class A Cond. 1V - Pascetime Stesming

MM3  Machinist Mate - 3rd Class A Cond. V- in-Port

MMFN Machinist Mate - Fireman A @ inter. ? Stands for “is the noise level intermittent?” The ques-

EN Fireman A tion mark (?) requires 8 “yes” or “no” snswer. Inter-
mittent noise is defined as the sound generated by

BTCM Boiler Tender - Master Chief B machinery which is cycled on and off and results in

B8T1 Boiler Tender - 1st Class B targe fluctustions in noise levels (more then & dBA).

BT2 Boiler Tender - 2nd Class B @ Comments fhould be m:vd :o note fauity mechinery or' I:'mrfothcr

BT3  Boiler Tender - 3rd Class 8 sctor that, by inepection, mey be responsible for en

BTFN Boiler Tender - Fireman B :'l':'ﬂ'"" noisy environment &t the messurement locs-

EMC  Electrician Mate - Chief E @ Moss. Lec. Enter the sound level messurement symbol which is

EM1 Electrician Mate - 15t Class E located closest to the individuel's position (see Figurs).

EM2  Electrician Mate - 2nd Class 3 ® Rate Enter individusl's rate abbrevietion e shown on the

EM3  Electrician Mate - 3rd Class E personnel rate table; i.e. Boller Tender, First Class-

EMFN. Electrician Mats - Fireman € ® aT.

MMCS Machinist Mate - Senior Chief M Wear Prot. ? Stands for “is the individusl weering personsl heering

73 hﬂ

MM1 - Machinist Mets - 11t Clts M bbbt wiert Ao huctiodiieiiat

W; achinist M"' : g":g'” M (D Wateh Stand?  Stands for “is the individus! @ wesch stender or ¢ watch

Machinist Mate - 3rd Class stander trainee?”. The question merk (?) requires &

MMFN Machinist Mate - Fireman M “yes” or “no" snewer.

FN  Fireman M @ Hn/Daystlec.  Enter the number of hours (to closset % hour) thet t.
individusl works ot location. If snewer is “yes” 10Q
snter number of hours apent as & watch stander at lo-
oation,

® Comments Should be Used 10 describe work task when Eppropriate.
4;‘.‘:;@ X

~-




" FF1062 Class SOUND SURVEY FORM Page 8 of 12
i ' ooe GENERAL INFORMATION CODE OPERATING CONDITIONS
Ship’s Class FF1052 KNOX Readiness @ .Cond. 10 Cond. IO
& Space Surveyed Aux. Rm. #1, Upper Level Cond. IVOCond. VO
Ship’s Name Operating Mode
. Survey Date L [/ (a) In-Port Cold Iron 0
: Time of Day Aux. Steaming O
Inspected by (b} Underway Speed kts
Meter Type Shaft rpm
Serial Number
SOUND LEVEL DATA
Loc. { meas. | d8a  |iNTER® COMMENTS @ Loc. |[MEAs. | dBa  |INTER. COMMENTS
CODE | LOC. ? CODE| LoOC. ?
AU1B AU6
AU2B AU?
AU 3 AUS
AU4
AUS

: PERSONNEL ASSIGNMENT DATA

LOC. | MEAS.®] BILLET RATEd WEARdWATCH HRS./DAY AT LOC.©) COMMENTS®
CODE | LOC. TITLE PROT. | STAND
? ? WORK | WATCH

P B, 8 M o PP By~ PR & P s 1 1 ke

»--

G o -2

- ! a mem e co.




FF1052 Class

SPACE: Auxiliary Rm. #1, Upper Level

MACHINERY LINE-UP (OPTIONAL)
L.P. Alr Purifi
e Puri !cl‘% E CODE DESCRIPTION ON(V)
L.P, ‘Air . ir
Momm Comp. #1 o S.S. Turbo Generator 1A
Seporator Excope S.S. Turbo Generator 18
Trunk S.S. Turbo Generator 1C
ss Turbo Gen, $.S. 400 Cycle Motor Generator No 1
[] L.P. Air Compressor No. 1
H.P. Air Compressor No. 2
S 1/G
rus) Glond
F.O, T‘S’:‘r‘vicc :::doff Exh,
ig Turbo Gen.
q - ]_\' -
™ Fin, Stab, O &
uia Comt. C ”@ .
H‘folwhm H
£8 Lo
Down
&Wo'cf
Fountoin
EZG nE"‘: ~— U'mm éf':
B Fin, Stab, 2 éA
o O T\ll 3 ——==00
Work Bench — W;u
BHD 79
DEFINITION OF PERSONNEL RATES DEFINITIONS & AMPLIFICATIONS

RATE RATE DESCRIPTION DIVISION

MMC  Machinist Mate - Chief A @ Roadiness Cond. |- General Quarters

MM1  Machinist Mate - 1st Class A Cond. 111 - Wartime Steeming

MM2  Machinist Mate - 2nd Class A Cond. IV - Peacetime Stesming

MM3  Machinist Mate - 3rd Class A Cond. V- in-Port

MMFN Machinist Mate - Fireman A @ inter.? Stends for “is the noise level intermittent?” The ques-

FN Fireman A tion maerk (?) requires a “yes’”’ or “no’ answer. inter-
mittent noise is defined es the sound generated by

BTCM Boiler Tender - Master Chief B machinery which is cycled on and off and results in

BT1 Boiler Tender - 15t Class B farge fluctustions in noise levels (more than 5 dBA).

BT2  Boiler Tender - 2nd Class 8 @ Comments Should be used to nots faulty machinery or sny other

BT3  Boiler Tender - 3rd Class B factor :Mt- by inspection, may ':- responsible '7 an

BTFN  Boiler Tender - Fireman 8 Ynutual noles environment &t the messurement locs-

EMC  Electrician Mate - Chief E @ Moaz. Loc. Enter the sound level messurement symbol which is

EM1 Electrician Mate - 1st Class E tocated clossst to the individual's position (see Figure).

EM2  Electrician Mate - 2nd Class E ® Ruts Enter individusi’s rate sbbrevietion ss shown on the

EM3  Electrician Mate - 3rd Class E personnel rate table; i.e. Boiler Tender, First Class-

EMFN Electrician Mate - Fireman E ® BY1.

MMCS Machinist Mate - Senior Chief M Wear Prot. ? Stands for “is the individusl weering personel heering

MM1  Machinist Mate - 1st Class M ::ﬁ',‘f"’:ww; ?ﬂ":ﬂ;’"::;:h wsstion

MM2  Machinist Mate - 2nd Class M @ Watch Stand?  Stands for “is the individuel a watch stender or & watch

MM3  Machinist Mate - 3rd Class M stander traines?”. The question mark (?) requires o

MMFN Machinist Mate - Fireman M “yes” OF "no" snewer.

FN  Fireman M @ Hrs/DeystLoc.  Enter the number of hours (to clossst % hour) that 1
individusl works st location. If snewer is “'yes” o@D
enter number of hours spent as 8 watch stander at lo-
cation,

@ Comments Should be used 10 describe work task when appropriste.




" FF1052 Class

SOUND SURVEY FORM

Page 9 of 12

;:ODE GENERAL INFORMATION OPERATING CONDITIONS
Ship’s Class FF1052 KNOX "Readiness @ Cond. 10 Cond. 111D
Space Surveyed Aux. Rm. No. 2 Cond. IVQOCond. VO
Ship’s Name Operating Mode
Survey Date ./ (a) In-Port Cold lron 0
Time of Day Aux. Steaming O
Inspected by (b) Underway Speed kts
Meter Type Shaft pm
Serial Number Diesel Generator OnQO off O
SOUND LEVEL DATA
Loc. | MEeas. iNTer@ COMMENTS O MEAS. | aBA |INTER. COMMENTS
CODE | LOC. ? LoC. ?
X1w X6
X2
X3
X4w
X5
PERSONNEL ASSIGNMENT DATA
Loc. |meas.®] miLLer | raTe®| wearBwaTcH@IHRS./DAY AT LOC.® COMMENTS®
CODE [ LOC. TITLE PR?T. STI;ND




FF1062 Class

SPACE: Aux. Rm. No. 2

o] Exp D.zmm

Diessl Generetor Set

ni

J:—

SHD 147

=

lm/fm.
‘J’B‘Wﬁ I fm- ‘

ilrer/Sep.

sw
¥) '7 s

MACHINERY LINE-UP (OPTIONAL)

CODE

DESCRIPTION lontw

8.S. Diesel Generator

§.S. Diese) Generator S.W. Circulation Pump
Fire Pump No. 4

JP-5 Transfer Pump No. 1

JP-5 Service Pump No. 1

JP-5 Service Filter/Separator No. 1

L.P. S.S. Air Compressor

H.P. §.S. Air Compressor

S.S. 400 Cycle Motor Generator No. 2

$HD 132
g DEFINITION OF PERSONNEL RATES DEFINITIONS & AMPLIFICATIONS
i RATE RATE DESCRIPTION DIVISION
MMC  Machinist Mate - Chief A @ Neadiness Cond. |- Generst Quarters
MM1  Machinist Mate - 15t Class A Cond. (11 - Wertime Stssming
MM2  Machinist Mate - 2nd Class A Cond. IV - Peacetime Stesming
MM3  Machinist Mate - 3rd Class A Cond. V- in-Port ,
! MMFEN  Machinist Mate - Fireman A @ ntee. ? Seends 1or “is the noise level intermittent?”” The ques-
i EN Fireman A tion merk (?) requires 8 “yes” or “no’” anewer. Inter-
‘ mittent nolse is defined as the sound genersted by
BTCM Boiler Tender - Master Chief B maechinery which is cycled on end off and resuits in
8T1 Boiler Tender - 15t Class 8 lorgs fluctuations in noles levels (more then 8 dBA).
BT2 Boiler Tender - 2nd Class 8 @ Comments Should ;:‘ u:vd to note faulty mzhim or any ':’M
8T3 Boiler Tender - 3rd Class 8 factor that, by inspaction, mey be remonsible for an
BTFN  Boiler Tender - Fireman B ::cud noise snvironment st the Mmessurement loce-
; EMC  Electrician Mate - Chief E @ Wom. Lee. Enter the sound level messurement symbol which is
‘ EM1 Electrician Mate - 15t Cless € focated clossst to the individusl's position (see Figurs).
i EM2  Electrician Mate - 2nd Class E ® nn Enter individusl’s rate abbravietion as shown on the
! EM3  Electrician Mate - 3rd Class E personnel rete teble; .e. Boller Tender, First Class-
i EMFN  Eloctrician Mats - Firemen E ® oT1.
) . : Wear Pret. ? Stands for “is the individusl wearing personel hesring
MMCS Machinist Mats - Senior Chief M ron?™ ach o o e The
MM‘ Mﬂdniﬁ M.t. - 'ﬂ am M M (" wm o nv.n or ”M" anewer.
gttt ot el N [ TON R it ot e
MMEN Machinist Mate - Fireman M o OF "no"” anewer, e e
! FN Firemen L @ Wn/Daystlec.  Enter the number of hours (10 clossst % hour) that t.
individusl works et locetion. If snewer i “'yes” o@D
! ontar number of hours 1pent es 8 watch stender ot lo-
! cstion.
: @ Comments Should be ueed 10 deucribs work 19sk when approprists.
L o *ML‘}' 3 D
— bt U - " - .




" FF1062 Class SOUND SURVEY FORM Poge 10 of 12
I ( ;:ODE GENERAL INFORMATION CODE OPERATING CONDITIONS
Ship’s Class FF1062 KNOX Readiness @ Cond. {0 Cond. 11O
3 Space Surveyed FDB Rm. 1A Cond. 1IVOCond. VO
:_ Ship’s Name Operating Mode
; Survey Date L L (a) In-Port Cold fron o
; Time of Day Aux. Steaming O
Inspected by {b) Underway Speed kts
Meter Type Shaft rpm
i | Serial Number
' _ SOUND LEVEL DATA
woc. | meas. [ aea  [INTer@ comMmenTs @ Loc. |meas. | aBa | INTER. COMMENTS
CoDE | Loc. ? CODE| LOC. ?
FA 1
FA 2
FA 3
PERSONNEL ASSIGNMENT DATA

LOC. | MEAS. BILLET RATED] WEAR - wATCHOIHRS. /DAY AT LOC.® COMMENTS®
CODE | LOC. TITLE PROT. | STAND
? ? WORK | WATCH

PO PR - . T2 T e - el 4
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FF1052 Class
SPACE: FDB Rm. 1A

MACHINERY LINE-UP (OPTIONAL)
CODE DESCRIPTION ON(v)
Force Draft Blower 1A-1
Force Draft Blower 1A-2
Force Force
Draft FA1 Draft
Slower Blower .
1A -1 1A -2
EAZ I;Aa
DEFINITION OF PERSONNEL RATES DEFINITIONS & AMPLIFICATIONS
RATE RATE DESCRIPTION DIVISION
MMC  Machinist Mate - Chief A @ Resdiness Cond. - Geners! Quarters
MM1  Machinist Mate - 1st Class A Cond. 1) - Wartime Steeming
MM2  Machinist Mate - 2nd Class A Cond. IV - Pescetime Stesming
MM3  Machinist Mate - 3rd Class A Cond. V- In-Port
MMFN Machinist Mate - Fireman A @ inter.? Stands for “'is the noise level intermittent?”” The ques-
FN Fireman A tion mark (?) requires a “yes”* or “no” snswer. inter-
mittent noise is defined as the sound generated by
B8TCM Boiler Tender - Master Chief B machingry which is cycled on and off and results in
BT1 Bavier Tender - st Class 8 lerge fluctustions in noise levels (more then § dBA).
BT2 Boiler Tender - 2nd Class B @ Comments Should be used to nots faulty machinery or sny other
BT3  Boiler Tender - 3rd Class B "":."":;‘:V "\:l“"""’"- ""V':' responsible ":’ o
BTFN Boiler Tender - Fireman B8 :"':'" g onvironment st messurement foca-
EMC  Electrician Mate - Chief E @ Meas. Lec. Enter the sound level messurement symbol which is
EM1 Electrician Mate - 15t Class E tocsted closest to the individuat's position (see Figure).
EM2  Electrician Mate - 2nd Class E ® e Enter individusi’s rete abbrevietion s shown on the
EM3  Electrician Mate - 3rd Class E personnel rste table; i.e. Boller Tender, First Clom-
EMFN- Electricisn Mate - Fireman E ® aT.
MMCS Machinist Mats - Senior Chief M Weae Prot. 7 Stands for “is the individual wesring personsl hearing
MM1  Machinist Mate - 15t Class M Protecion? wioh 5 JwPIUGE o7 iR, The question
MM2  Machinist Mate - 2nd Class M (D Wotch Stand ? wands for ndividusl 8 watch mnd'r. weatch
MM3  Machinist Mate - 3rd Class M fmw'::l::?‘“ The qm:don mark (?) :;nm [
MMFN Machinist Mate - Fireman M “yos” or “no” snswer.
FN Fireman M @ Hr/Dsystloe.  Enter the number of hours {to clossst % hour) that b
individuat works st focation. If snewer is “‘ves” 10D
onter number of hours epent as 8 watch stender st {o-
. cstion.
@ Commenn Should be used 10 describie work task when appropriste.

- — e e -

-”M@Ji ,te




SOUND SURVEY FORM

PROT. | STAND
? ?

WORK

WATCH

* 5#1052 Class Page 11 of 12
' ( 'JDE GENERAL INFORMATION CODE OPERATING CONDITIONS
Ship’s Class FF1052 KNOX Readiness @ Cond. 10 Cond. 111D
Space Surveyed FDB Rm. 18 Cond. IVOCond. VD
Ship’s Name Operating Mode
Survey Date A (a) In-Port Cold lron 0
Time of Day Aux. Steaming O
inspected by (b) Underway Speed kts
Meter Type Shaft rpm
Serial Number
SOUND LEVEL DATA
woc. | meas. | aBa  [INTER® COMMENTS @ LoC. |[MEAs. | dBA |INTER. COMMENTS
CODE | LOC. ? CODE| LoC. ?
FB 1
FB 2
FB 3
PERSONNEL ASSIGNMENT DATA
LOC. MEA&H BILLET m‘rs@l wemﬂwxrcu HRS./DAY AT Loc.Ol COMMENTS®
cove| Loc. | TTLE




- — e - -

FF1052 Class
SPACE: FDB Rm. 1B
MACHINERY LINE-UP (OPTIONAL)
CODE DESCRIPTION ON(VY

Force Draft Blower 1B-1 /7
Force Draft Blower 18-2 +

Force Force

Drah Draft

Slower Blower

"n-1 1’-2

]
DEFINITION OF PERSONNEL RATES DEFINITIONS & AMPLIFICATIONS

RATE RATE DESCRIPTION DIVISION

MMC Machinist Mate - Chief A o Readiness Cond. - Genersl Querters

MM1  Machinist Mate - 1st Class A Cond. (11 - Wertime Steaming

MM2  Machinist Mate - 2nd Class A Cond. IV - Peacetime Stesming

MM3  Machinist Mate - 3rd Class A Cond. V - In-Port

MMFN Machinist Mate - Fireman A @ Inter. ? “tands for “is the noies level intermittent?” The ques-

FN Fireman A um v:qulm . “v-':r "no;cmw. m;rv-
m defined s " mﬂ

BTCM Boiler Tender - Master Chief B machinery which is cyeled on end off and results in

BT1 Boiler Tender - 15t Class 8 large fluctustions in noles levels (moee then 6 dBA).

BT2  Boiler Tender - 2nd Class B @ Commonts Should be used to nots faulty machinery or sny other

BT3  Boiler Tender - 3rd Class 8 fector thet, by inmpection, mey be responsible for an

BTFN Boiler Tender - Fireman 8 ::Ild noles environment et the messurement ioce-

EMC.  Electrician Mate - Chief E ® Mem. Loc. Enter the sound level measurement symbol which s

EM1  Electrician Mate - 15t Class E looated clossst to the individue!’s position (sse Figure).

EM2  Electrician Mate - 2nd Class E ® e Erter Individusl's rete ebbrevietion a8 shown on the

EM3 Electrician Mate - 3rd Class E personngl rete table; i.e. Boller Tender, First Clase-

EMFN Eiectrician Mate - Fireman E ® m.

. Weer Pyet. ? Stands for “is the Individusl weering personel heering

MMCS Machinist Mats - Senior Chief M > wch 3y - " Tre

MM2  Machinist Mate - 2nd Class M o™ sower:

Q@ Weh Suad?  Standh for “is the individusl s wetch stender or s watch

MM3  Machinist Mate - 3rd Class M stander trainee?”. The question merk (7] requires o

MMFN Machinist Mate - Fireman M “yes” or "'no’" enewer.

F_N ,Fi"""" M @ Hn/Daystles.  Enter the number of hours e clossst % hour) that 1.
individus! works et locstion. If anewer is “ves” t0@
onter number of hours spent s & wetch stander at lo-
oation,

@ Commenns Shouid be used to deecribe work task when appropriets.




' " FF1052 Class SOUND SURVEY FORM Page 12 of 12
(“ .;ODE GENERAL INFORMATION CODE OPERATING CONDITIONS
‘ l Ship’s Class FF1052 KNOX " Readiness @ Cond. 10 Cond. 1110
. Space Surveyed Aftor Steering Cond. IVOCond. VO
E' l Ship’s Name Operating Mode
‘; Survey Date L [ (a) In-Port Cold Iron o
‘ 1 Time of Day Aux. Steaming O
\ inspected by (b} Underway Speed kts
: Meter Type Shaft rpm
| 1 Serial Number
: L SOUND LEVEL DATA
. woc. [ meas. | a8a  |inTer@ COMMENTS O Loc. [mMeas.| dBa [INTER. COMMENTS
coDE | LOC. ? CODE| LoOC. ?
SIW
S2B
S$3
i S4
PERSONNEL ASSIGNMENT DATA
l ) woc. | meas.® siLLer | rate®| wemﬂwncuduns./onw AT LOC.®)| COMMENTS®
) ;. | cooe| woc. | TITLE PROT. | STAND

? WORK | WATCH

[
.

L
‘
2.
. .
1
’ l
PR
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FF1052 Class
SPACE: After Steering
MACHINERY LINE-UP (OPTIONAL) ]
CODE DESCRIPTION Jonvs
Tolaphane Hosd
i’j Steering Gear Motor No. 1
E:-.I Steering Gear Motor No. 2
= b
Hydraulics /
mj
VL
DEFINITION OF PERSONNEL RATES DEFINITIONS & AMPLIFICATIONS

RATE RATE DESCRIPTION DIVISION

MMC  Machinist Mate - Chief A Readiness Cond. (- Generst Ousrters

MM1  Machinist Mate - 1st Class A @ Cond. 111 - Wertime Steaming

MM2  Machinist Mate - 2nd Class A Cond. IV - Peacetime Stesming

MM3  Machinist Mate - 3rd Class A Cond. V - In-Port

MMFN Machinist Mate - Fireman A @ mer.? Stands for “’is the noise level intermittent?” The ques-

N Fireman A tion merk (?) requires & “yes” or “no” snswer. inter-
mnumnohbdlmdummwmnudbv

BTCM Boiler Tender - Master Chief 8 maechinery which is cycied on and off and results in

BT1 Boiler Tender - 15t Class 8 forge fluctuations in nolss levels (more than & dBA).

BT2  Boiler Tender - 2nd Class 8 @ Comments Should be used to note faulty machinery or sny other

8T3  Boiler Tender - 3rd Class 8 factor that, by inspection, mey be responsible for an

BTFN  Boiler Tender - Fireman ] Hon,ua! nolse environment st the messursment locs-

EMC  Electrician Mate - Chief E @ Mo Loc. Enter the sound level messurement symbol which s

EM1  Electrician Mate - 15t Class E focated clossst to the individual's position (see Figurs).

EM2  Electrician Mate - 2nd Class E ® Revs Enter individusl's rate sbbrevietion ss shown on the

EM3  Electrician Mate - 3rd Cla-. E personnel rate tabie; i.e. Boller Tender, First Clan-

EMFN Electricisn Mats - Fireman E T,

. ; ® Wour Prot. ? Stands for “is the individusl weering personal hesring

MMCS Machinist Mate - Senior Chisf ™ on T oo o " Toe o

MM' M‘"m Mlﬂ - '“ alﬂ M M (?’ m‘m on u'“n or um» snewer.

M2 Machinist Mate - 2nd Class M D Warch Saad?  Stands for “is the individus! & watch stender or & watch

MM3  Machinist Mate - 3rd Class M - stender treines?”’. The question mark (?) requires s

MMFN Machinist Mate - Firgman '] “yee" or “no” enewer.

FN  Firoman M @ Ha/Daystloe.  Enter the number of hours (10 clossst X hour] that 1
individusl works at locstion. If snewer Is “vee” toQ
onter number of hours spent as 8 wetch stander at lo-
cstion,

@ Commenn $hould be used ta describe work tesk when sppropriate.

- ——— - -
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Bolt Beranek and Newman Inc.

1. 0BJECTIVE

The objective of this shipboard sound survey procedure is to
provide for a uniform method of sound level data collection

which is consistent with the requirements of a Navy Noise Exposure
Data Management System under study.

2. APPLICABILITY SCOPE AND LIMITATIONS

This sound survey procedure 1s limited to the FF1052 class (Knox)
ships ari1 further to the engineering spaces only. In its current
version, the procedure will be implemented for a three month period

by the EPMU-2 (Norfolk, Va.) and EPMU-5 (San Diego, Ca.) units
during routine inspections of the Knox class. The data gathered
will be used to examine the validity and accuracy of the noise
exposure managment system under study. Only the In~Port-Auxiliary
Steaming ship operating condition will be surveyed although the
procedure is designed to be applicable to any operating mode.

3. SOUND SURVEY FORMS

The Sound Survey Forms, (SSF) developed incorporate all of the data
routinely collected by the EPMU's and has been designed to follow
1 normal survey procedures. Each Form is printed front and back
on a single page as shown in Figure 1 and is divided into two
\ parts:

1. Front Side: the front side of the page contains all
i of the data entries required in the survey.
2. Back Side: the back side of the page contains support
: information to the survey procedure, symbol definitions
and clarifications.
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! Each sound survey form is spécific as to: a) the ship class and
b) the ship space. Therefore, in the case of the FF.1052 (Knox)
| class, a full compliment of Sound Survey Forms, one for each
engineering space and level, is provided and should be used (12 !
, pages in total).

4, Survey Procedure

The front page is divided into four sections as follows:

1. General Information: includes ship, date, inspector,
and equipment identification questions.

2. Operating Conditions: defines the ship operating con-
ditions during the survey.

3. Sound Level Data: contains the acoustic (noise) data
entries required in each space.

4, Personnel Assignment Data: contains the parameters
necessary to describe the personnel time-work task
data.

4.1 General Information

. Ship's Class: already 1ldentified, in this case as FFl052-
Knox.

. Space Surveyed: already identified, select the Sound Sur-
vey Form that corresponds to the space being surveyed.

. Ship'e Name: enter the name and number of ship being in-
spected; i.e. U.S. Paul, FF1080.

. Survey Date: enter date of survey.

« Time of Day: enter time of survey.
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SOUND SURVEY FORM

FF1052 Class Page 1 of 12
|
SODE GENERAL INFORMATION ) CODE OPERATING CONDITIONS
Ship’s Class FF1052 KNOX Readiness @ Cond. 10 Cond. 110
Space Surveyed Engine Rm. Lower Level Cond. IVOCond. VO
Ship’s Name Operating Mode
Survey Date A o (a) In-Port Cold Iron u]
Time of Day Aux. Steaming O
inspected by {b) Underway Speed kts
Meter Type Shaft —_____rpm
Serial Number
SOUND LEVEL DATA
woc. [ meas. | ¢8a  [INTEr® comments @ Loc. |[MEAs. | dBA |INTER. COMMENTS
CODE | LOC. ? CODE| LOC. ? :
EL1B EL6 i
EL2B EL7 1
EL3 ’
EL4
ELS
1
PERSONNEL ASSIGNMENT DATA |
Loc. | Meas.®| BILLET COMMENTS® ;

CODE

LOC. TITLE

nned WEAR wxrcud HRS./DAY AT LOC.®
STAND

PROT.
? ? WORK | WATCH

[P OT U us VAR
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SPACE: Engine Rm. Lower Level
MACHINERY LINE-UP (OPTIONAL)
CODE DESCRIPTION ON{V)
Main Settling Tonk E Iclmn [ 3
_— Emer, Main Reduction Gear
o o Main Condensate Pump 1A
Emer. ";g; ' - Main Condensate Pump 1B
Fire Pump No. 3
Main L.O. Ser. Pump Main Condensate Circulation Pump No. 1
@ 8 Main L.O. Service Pump 1A
Main L.O. Service Pump 1B
a J0. L.O. Purifier No. 1
..... Distillate Feed Pump No. 1
Distillate Feed Pump No. 2
Drainage Eductor
sl Y Emergency F.O. Transfer Pump
=== Oily Water
“-Bilgs Sump
! Tonk
Fire
Pume
9 o
L. 0. Storoge
Tank 1
Droinoge
Eductor
SHD 107 »HD 97
DEFINITION OF PERSONNEL RATES DEFINITIONS & AMPLIFICATIONS

RATE RATE DESCRIPTION DIVISION

MMC  Machinist Mate - Chief A @ Readiness Cond. |- General Quarters

MM1 Machinist Mate - 1st Class A Cond. 1] - Wartime Steaming

MM2  Machinist Mate - 2nd Class A Cond. IV - Peacetime Steaming

MM3  Machinist Mate - 3rd Class A Cond. V- In-Port

MMFN Machinist Mate - Fireman A @ inter.? Stands for “is the noise level intermittent?” The ques-

FN Fireman A tion merk (?) requires & “yes” or “no’ answer. inter-
mittent noise is defined ss the sound generated by

BTCM Boiler Tender - Master Chief 8 machinery which is cycled on and off and results in

BT1 Boiler Tender - 1st Class 8 large fluctuations in noise levels (more than 5 dBA).

BT2  Boiler Tender - 2nd Class 8 @ Comments Should be used to note faulty machinery or any other

BT3  Boiler Tender - 3rd Class 8 factor that, by inspection, may be responsible for en

BTFN Boiler Tender - Fireman 8 ::anuol noite environment at the Messurement locs-

EMC  Electrician Mate - Chief E @ Weas. Lec. Enter the sound level messurement symbol which is

EM Electrician Mate - 1st Class E tocsted closest to the individual’s position (see Figure).

EM2  Electrician Mate - 2nd Class E ® Ris Enter individusl's rate abbrevistion ss shown on the

EM3 Electrician Mate - 3rd Class E personnel rate table; i.e. Boiler Tender, First Class-

EMFN. Electrician Mate - Fireman E ® BT1.

MMCS Machinist Mate - Senior Chief M Woeer Prot. ? Stands for “is the individusl wearing personal hearing

fon?" ts. i

MM1 " Machinit Mot - 15t Clos W | Paark (7)requives am wyer or w0 anmwr,

achinist Wate - £nd Liass (D Watch Stand?  Stands for "is the individual s wetch stander or @ wasch

MM3 Mach!nfst Mate - 3‘:" Class M stander traines?”. The question merk (?) requires a

MMFN Machinist Mate - Fireman M “yes” of “no" snewer.

FN Fireman M @ Mr/Daystlec.  Enter the number of hours {to closest % hour) thet the
individusl works st location. If smwer is "yes” 0@
enter number of hours spent 8s 8 wetch stander at lo-
cation.

@ Comments Should be used to describe work task when epproprists.

e e em e
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' Ingpected by: enter initials and last name of individual

performing the survey.

' Meter Type: enter the make and model number of sound survey

meter being used, i.e. General Radio 1565B.

* Serial Number: enter serial number of sound survey meter

used.

4.2 (QOperating Conditions

Readiness: enter the ship's readiness condition by check-
ing one of the four condition boxes. The superscript
refers to the Definitions and Amplifications section
contained on the back side of the form.

Operating Mode: the operating mode of the ship may be
either a) In-Port or b) Underway as shown. If In-Port,
check either Cold Iron or Auxiliary Steaming as appropriate.
If Underway, enter the speed and shaft rpm.

Note that this program is concerned only with the Auxiliary
Steaming operating mode, therefore all data collected
should be under this operating condition.

Praire Masker: in fire room spaces only. This system is
used infrequently and only in the Underway mode. Since it's
operation affects substantially the noise levels measured in

these spaces, it is necessary to identify if the system is
"on" or "offr".

Diesel Generator: in auxiliary room No. 2 only. The operation
of the dlesel generator is infrequent and affects substaintially

the noise levels measured in this space. Therefore, it is
necessary to identify if the system is "on" or "off".
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4.3 Sound Level Data

; ‘Measurement Locatione: already identified. Locate the
measurement location identified by referring to the space s
floor plan contained on the back side of the survey form. --

The measurement location symbol is shown in a square. .
The symbols used indicate the compartment, the level,
the location number and whatever the location is a watch .
station (W) or a work bench or telephone (B) area, as

EU2W——> Watch Station
Second Location

Upper Level

follows:

LI
S g #

Engine Room

dBA: enter the measured "A-weighted" sound level. The
measurement should be performed at ear height. Some .M
! spatial averaging should be obtained by slowly moving

: the meter horizontally from side to side (see Section 5
for further instructions).

The question mark (?) requires a "yes" or "no" answer.
; Intermittent nolise is defined as the sound generated by
| machinery which are cycled on and off and results in
large fluctuations in noise levels (more than 5 dBA).

i * Inter?: Stands for "is the noise level intermittent?". 'J

¥
" Comments: use to note any faulty machinery or any other
factor that, by inspection, may be responsible for an f]
! unusual noise enviroment at the measurement location. '

! Should be also used to note large temporal or spatial
| noise level fluctuations (see Section §5).
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’ 4.4 Personnel Assignment Data

The objective of thils section is to acquire personnel work
assignment data that may be used to establish a statistical
time-motion description of all engineering personnel work assign-
, ments on the ship. The key to this end is the 1dentification of
the engineering space personnel and the time spent at each of
sound measurement locations surveyed. Thils type of information
has not been previously collected by EFMU personnel and represents
an addition to present practice. During the survey procedure,
and more specifically while in the process of conducting the sound
level measurements, the inspector will question any engineering
personnel present 1ln the space being surveyed. The personnel
questioned will be limited to those individuals found during the
performance of the sound level survey and no effort should be
expended to locate all engineering personnel. The following
information should be recorded:

-

. Meas. Loc.: enter the sound measurement location symbol
from the Sound Level Data portion of the form which is
closest to the individual's position. The sound measure-
ment locations are shown on the space floor plan. These
inputs establish a unique correlation between a position
in the space (and therefore noise level) and the individual.

. Billet Title: ask the individual and enter his billet
title.

! , . Rate: ask the individual and enter his rate. The definition
' of personnel rates with their corresponding abbreviations
are provided on the back slde of the form.

. Wear Prot.?: stands for "is the individual wearing personal
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hearing protection" such as earplugs or earmuffs. The
question mark (?) requires a "yes" or "no" answer.

Watech Stand?: stands for "is the individual a watch stand-
- er or a watch stander tralnee?". Note that the question

pertains only to the work assignment the individual is %]
performing at the time. The question mark (?) requires L"’
a "yes" or "no" answer. .
)

. Brs./day at Loec.: enter the number of hours (to the closest
1/4 of an hour) that the individual works at location under |

the work column. If the answer to the previous question '
is "yes" (the individual is a watch stander or watch stander }
trainee) then enter the number of hours as a watch stander. ‘

Comments: when the individual is performing work tasks,
describe his function as appropriate, i.e. fixing oil pump,
painting, etc.

[

Note: all numbers 111() refer to the Definitions and Amplifica-
tions section presented on the back of the form. This informa-
tion is provided in an effort to make each form self-explanatory.

==

The back side of the form contains one additional entry. This
entry called "Machinery Line-Up" contains the description of
all major machinery units associated with noise generation

and decelipted picturally in the floor plan. The inspector is
asked (on an optional basis) to identify the equipment on-line {]
by a check mark in the appropriate space.

= =
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5. Sound Measurement Proceduré

In order to ensure a uniform sound level data measurement procedure (}
the following steps should be followed during the survey:
| ']
( ,
1
|
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Locate measurement iocation by refering to the space filoor-
plan contained on the back side of the survey form.

Using a calibrated sound level meter, measure the average
"A-weighted" sound level (dBA) at the measurement location.
The meter should be turned on the "A scale" and "slow"
response. (The latter applies only to meters having a slow
and fast meter averaging networks).

The averaging of the sound level data should be made in
both the "temporal" and spatial domain. Temporal Averaging
is accomplished by visually averaging any meter fluctuation
over a period of time (a minimum of 15 seconds). Spatial
averaging is accomplished by slowly moving the meter in a
horizontal plane from side to side, as shown in Figure 2
and visually averaging any meter fluctuations.

If sound level fluctuations exceed +3 dBA, note so in the
comments columi, 1l1.e. noise levels fluctuate +5 dBA.

6. Additional Data Requirements

The above procedures are descriptive of the survey steps which will

be followed during routine surveys of this class. For evaluation
purposes the time and difficulty of following those steps needs to
be assessed. The individual performing the survey should make notes
as to the following items:

1.

[ ]

The total time necessary to complete the survey and how that
compares to previous procedures.

The difficulties encountered in following the procedure.
Be specific as to the problem areas so that changes may
be designed later.
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3. Any other information that can serve to evaluate and improve
the procedure.

.-

; The above comments and the results of personal debriefings which f
i will be conducted by BBN at the conclusion of the data collection
1 program will be used to assess the practicality of this procedures
! and to the develop any changes and modifications.

1

As was discussed previously, the collection of personnel assignment
: data is a new and key part of the noise exposure data system. Since
: during the three month period of this survey only a limited number ?j;
‘ of ships will be surveyed, it is necessary to gsquire further data )
on that subject. Specifically, the individual assignments of all f)
engineering personnel during a one day period will have to be assessedsj'
Thus, although the normal procedure relied on the statistics of many
ship measurements to describe the daily work assignment of various
personnel ratings, this study will require a full documentation on
personnel movements in order to evaluate the accuracy of the method
with a limited data base.

[—

[

The method necessary to agquire this information 1s discussed below
and utilizes the form shown on Figure 3 which 1s filled with an ex-
ample.

l. Locate, if possible, all engineering personnel as described
in the Definitions of Personnel Rates presented on the back
of the Sound Survey Form. Each individual should be asked
the following questions:

- &2 =

a. Billet Title

b. Rate
c. Note if he is wearing hearing protective equipment.

3

e
e

Note: All questions as to personnel movements will be addressed to
the previous day. This will maximize accurate recolection I
( and ensure that a full workday is included.

" =10~
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2. Was he a "Watch Stander"? If yes, enter the number of
hours spent and the measurement location code closest to
the watch station.

Note: Since all watch stations have been identified on the Sound
Survey Forms, the inspector should be able to identify the
§ watch station by refering to the proper floor plan.

3. Ask the individual to recount his work duties on the

previous day exclusive of the watch stander assignment.
Similarly to the watch stander procedure, enter the number
of hours (to the closest 1/2 hour) and measurement location
code for each work area. In the first line of our example,
the BTFN Rate spent 3.0 hours at location FL7, 4.0 hours
at location FV6, and 1.0 hours at location FS1. Entries

- should be made consecutively as shown in the example with

' the total number of hours in the workday corresponding to
the addltion of the individual's watch stander and other
work task dutles.

{ I
' -12- !
|




APPENDIX D

Personnel Work Assignments

The decimal numbers in the table are the hours assigned to each
location for the particular personnel grade. The integer num-
bers in brackets are the number of personnel in the particular
grade who were assigned to the location.
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APPENDIX E

Individual Noise Exposure Results
For Each Ship Using Noise Levels
Measured at Individual Locations |
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APPENDIX P

OGrade Average Noise Exposure Results
For Each Ship Using Noise Levels
Measured at Individual Locations
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; 4 APPENDIX H

Individual Noise Exposure Results for Each Ship
Using Sub-area Average Noise Levels
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APPENDIX I

Grade Average Noise Exposure Results for Each Ship
Using Sub-area Average Noise Levels
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APPENDIX J

Individual Noise Exposure Results for All 12 Ships
Using Sub-area Averages over All 12 Ships
For the Noise Level Data
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APPENDIX K

Individual Noise Exposure Results for Each Ship
Using General Area Average Noise Levels
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APPENDIX L

Grade Average Noise Exposure Results for Each Ship
Using General Area Average Noise Levels
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APPENDIX M

Individual Noise Exposure Results for All 12 Ships
Using General Area Average Over All 12 Ships

For the Noise Level Data
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Appendix N-1
Differences between calculated ESL data and dosimeter data on an
. individual basis, with no averaging of measured noise levels.
L |
- Leq Leq ~ Difference
. Ship No. Rate Calc. Dos. " Dos.=Calc.
- FF-1094 BTFR 91.0 97.9 6.9
USS Pharris BTFR 88.5 85.1 -3.4
BT3 88.8 91.6 2.8
: BTFN 87.9 96.3 8.4
: BT2 85.1 87.1 2.0
. Mean 3.3
; S.D. 4.6
- FF-1085 BT3 84.3 85.5 1.2
L USS Beary BT3 79.7 84.1 b4
BT1 87.9 86.1 -1.8
? BTFA 72.0 84.3 12.3
- BT3 82.9 80.8 =2.1
BT3 90.6 89.7 -0.9
i Mean 2.2
- S.D. 5.5
FP=-1092 MMFN 83.0 94.8 11.8
USS Thomas C. Hart MMFR 87.3 92.4 5.1
BTFN 86.0 98.3 12.3
BT3 84.9 82.8 -2.1
MMFA 93.5 88.2 -5.0
MMFN 73.5 91.1 17.6
Mean 6.6
S.D. 8.9
FP-1081 MM3 82.3 88.1 5.8
USS Aylwin MM3 85.6 87.6 2.0
MM3 88.5 88.4 =0.1
BT3 85.6 92.0 6.4
BT3 89.4 90.4 1.0
BT3 86.0 91.1 5.1
Mean 3.4
S.D. 2.7
N-1
e e e L T—
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Appendix N-1 (cont)

proqomnaveiss

Leq Leq Difference
‘ Ship No. Rate Calc. Dos. Dos.-Calc. J
l FP-1097 MMFA  B7.6 81.3 -6.3
USS Moinester BT3 92.2 90.0 -2.2
BT3 81.1 93.0 11.9 J
' FN 84.8 95.0 10.2 '
Mean 3.4 )
! S.D. 9.0 §
| i
! PP-1075 BT2 68.0 87.2 19.2 U)
! USS Trippe BT3 68.0 86.6 18.6
i BTFA 90.5 84.8 -5.7 ,
; BTFN 90.9 91.3 10.4 (.
; BT2 87.5 78.0 -9.5
. BTFN 68.0 87.5 16.8 ;
BT3 88.0 87.5 0.5 h
MM3 90.9 94.7 3.8
j MMFN 89.6 90.6 1.0 J
: MMFN 84.0 84.0 0.0 '
Mean 4,5
S.D. 10.2

Overall Mean 4,0
Overall Standard Deviation 7.3
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Appendix N-2

Differences between calculated ESL data and dosimeter data on an
individual basis, with sub area averaging of measured noise levels.

Leq
Ship No. Rate Calc.
FP-1094 BTFR 90.1
USS Pharris BTFR 90.2
BT3 89.9
BTFN 89.9
BT2 90.2
FF-1085 BT3 94.9
USS Beary BT3 97.6
BT1 90.6
BTFA 90.8
BT3 85.2
BT3 92.2
FF-1092 MMFN 83.0
USS Thomas C. Hart MMFR 87.3
BTFN  85.2
BT3 85.9
MMFA 93.4
MMFN 89.1
FF-1081 MM3 87.3
USS Aylwin MM3 81.7
MM3 86.7
BT3 90. 4
BT3 90.3
BT3 92.1

N-3

Leq

Dos.

97.9
85.1

91.6
96.3
87.1

94.8
92.4
98.3
82.8
88.2
91.1

Difference
Dos * —Calc ]

Mean
S.D.
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Ship No.

FF:1097
USS Moinester

FF-1075
USS Trippe

Rate

MMFA
BT3
BT3
FN

BT2
BT3
BTFA
BTFN
BT2
BTFN
BT3
MM3
MMFN
MMFN

Bolt Beranek and Newman, Inc.

Appendix N-2 (cont)

Leq Leq Difference
Calc. Dos. Dos.=Calc.
85.6 81.3 -4.3
9105 90.0 -105
91.5 93.0 1.5
85.0 95.0 10.0
Mean
S.D.
85.5 87.2 1.7
90.5 86.6 -3.9
9005 8"08 -507
88.1 91.3 3.2
87.5 78.0 -9.5
87.5 84.8 -2.7
85.1 87.5 2.4
89.7 94.7 5.0
88.3 90.6 2.3
87.1 84.0 -3.1
Mean
S.D.

Overall Mean
Overall Standard Deviation

[« 0 od

N &

Bvra e

-4 [

- -

- co———y ﬁ
PR e ——




hocia s R s

Yroemd  femed  Puusel el

Report 4735 Bolt Beranek and Newman, Inc.

Appendix N-3

Differences between calculated ESL data and dosimeter data on an

individual basis, with general area averaging of measured noise
levels.

Leq Leq Difference
" Ship No. Rate Calc. Dos. Dos.-Calc.

FF-1094 BTFR 90.1 97.9 7.8
USS Pharris BTFR 90.1 85.1 -5.0
BT3 90.1 91.6 1.5
BTFN 90.1 96.3 6.2
BT2 90.1 87.1 -3.0

Mean 1.5

s.D. 5.6
FF-1085 BT3 95.0 85.5 -9.5
USS Beary BT3 97.7 84.1 -13.6
BT1 92.2 86.1 -6.1
BTFA 90.8 84.3 -6.5
BT3 86.4 80.8 -5.6
BT3 92.9 89.7 -3.2

Mean -T.4

S.D. 3.6
FF=-1092 MMFN 83.0 94.8 11.8
USS Thomas C. Hart MMFR 88.9 92. 4 3.5
BTFN 85.1 98.3 13.2
BT3 86.0 82.8 -3.2
MMFA 95.1 88.2 -6.9
MMFN 89.7 91.1 1.4

Mean 3.3

S.D. 8.0
FF-1081 MM3 87.3 88.1 0.8
USS Aylwin MM3 83.9 87.6 3.7
MM3 88.9 88.4 =0.5
BT3 91.7 92.0 0.3
BT3 89.1 90.4 1.3
BT3 90.9 91.1 0.2

Mean 1.0

S.D. 1.5

N=5
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Appendix N-3 (cont)

Leq Leq Difference -
Ship No. Rate Calc. Dos. Dos.-Calc.
FFr-1097 MMFA 85.8 81.3 -4.5 )
USS Moinester BT3 91.8 90.0 -1.8
BT3 91.8 93.0 1.2
: FN 86.9 95.0 8.1
: Mean 0.8
: S.D. 5.4
' FF-1075 BT2 85.5 87.2 1.7
USS Trippe BT3 90.5 86.6 -3.9
BTFA 90.5 84.8 =5.7
BTFN 90.5 91.3 0.8
BT2 87.5 78.0 -9.5
BTFN 87.5 84.8 =-2.7
BT3 87.5 87.5 0.0
MM3 91.2 94.7 3.5
MMFN 89.9 90.6 0.7
, MMFN 85.6 84.0 -1.6
{ Mean -1.9 ,
[ S.D. 4.1 :
| ! $.
! Overall Mean -0.7 .
Overall Standard Deviation 5.8 ;.
|
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Appendix N-4

Differences between calculated ESL data and dosimeter data on a
grade average and individual ship basis with no averaging of
measured noise levels.

Leq Leq Difference
Ship No. Rate calc. Dos. Dos.=-Calc.

FF=1094 BTFR 89.3 9.15 2.2
USS Pharris BT3 87.1 91.6 4.5
BTFN 88.6 96.3 T.7
BT?2 83.4 87.1 3.7

Mean 4.5

S.DI 203
FF-1085 BT3 84.9 85.0 0.1
USS Beary BT1 87.0 86.1 -0.9
BTFA BENE 81;,3 [ X X

Mean -0.4

S.D. 0.7
FF=1092 MMFN 82.1 93.0 10.9
USS Thomas C. Hart MMFR 87.3 92.4 5.1
BTFN 78.0 98.3 20.0

Mean 5.0

S.D. 11.0
USS Aylwin BT3 87.0 91.2 4,2

Mean 3.4

S.D. 1.1
FP=1097 MMFA 85.4 81.3 ~4.1
USS Moinester BT3 90.5 91.5 1.0
FN 84.5 95.0 10.5

Mean 2.5

S.D' 7.”
USS Tt‘ippe BT3 880 0 87.0 "1. 0
MM3 90.9 94,7 3.8
MMFN 87.8 87.3 0.5

Mean -1.9

S.Do 3'5

Overall Mean 2.1

Overall Standard Deviation 6.3
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Appendix N-5

Bolt Beranek and Newman, Inc.

Differences between calculated ESL data and dosimeter data on a
grade average and individual ship basis with sub area averaging

of measured noise levels.

Ship No.
FF-1094

USS Pharris

FF-1085
USS Beary

FF-1092

USS Thomas C. Hart

FF-1081

USS Aylwin

FP-1097

USS Moinester

FF-1075
USS Trippe

Leq
Rate Calc.
BTFR 90.2
BT3 88.8
BTFN 89.8
BT2 90.0
BT3 91.6
BT1 88.9
BTFA 90.8
MMFN 87.5
MMFR 87.3
BTFN 80.0
BT3 85.2
MMFA 93.4
MM3 85.3
BT3 90.9
MMFA 83.1
BT3 88.8
FN 84.7
BT2 87.8
BT3 87.8
90.5
87.8
89.7
88.4

Leq Difference
Dos. Dos.-Calc.
91.5 1.3
91.6 2.0
9603 605
87.1 -2‘9
Mean
S.D.
85.0 -6.6
86.1 -208
8".3 -605
Mean
SOD.
93.0 5.5
92.4 5.1
98.3 18.3
82.8 -2."
88.2 -502
Mean
S.D.
88.0 207
91.2 0.3
Mean
S.D.
81.3 -1.8
91‘5 2.7
95.0 10.3
Mean
S.D.
82.6 -5c2
8700 -008
8“.8 -5.7
88.0 0.2
94,7 5.0
8703 -1-1
Mean
S.D.

Ovefall Mean

Overall Standard Deviation
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Appendix N-6

Bolt Beranek and Newman, Inc.

Differences between calculated ESL data and dosimeter data on a
grade average and individual ship basis with general area

averaging of measured noise levels.

Ship No.

. FF-1094
USS Pharris

FF-1085
USS Beary

FF-=1092

USS Thomas C.

FF-1081

USS Aylwin

FF-1097

USS Moinester

FF=-1075

USS Trippe

Rate

BTFR
BT3
BTFN
BT2

BT3
BT1
BTFA

MMFN
MMFR
BTFN
BT3

MMFA

MM3
BT3

MMFA
BT3
FN

BT2
BT3
BTFA
BTFN
MM3
MMFN

Leq -Leq
Calc. Dos.
9001 91'5
88.8 91.6
89.8 96.3
90.0 87.1
92.3 85.0
89.7 86.1
90.8 84.3
88.1 93.0
88.9 92.4
80.0 98.3
85.2 82.8
95.1 88.2
86.8 88.0
90.6 91.2
23.3 81.3
9.1 91.5
86.0 95.0
87.8 82.6
89.0 87.0
90.5 84.8
89.0 88.0
91.2 94.7
88.4 87.3

Difference
DOB . -Calc [

Ovefall Mean

Overall Standard Deviation

N-9

W
* o
o

(=¥ o)
M)
£2\0

(S VY




Report 4735

Bolt Beranek and Newman, Inc.

Appendix N-7

Differences between calculated ESL data and dosimeter data on a

grade average (over all ships) basis with no area averaging of

measured nolise levels.

”

Ship No.

All Ships

Leq
Rate Calc.
BT1 79.5
BT2 76.6
BT3 82.0
BTFA 85.5
BTFN 85.5
BTFR 86.7
MM3 83.5
MMFA 85.6
MMFN 83.7
MMFR 88.7
FN 81.8

Leq Difference
DOS- DOB.-Calc-
86.1 6.6
87.3 10.7
88.1 6.1
8“.6 "'0.9
92.7 7.2
9105 uoa
89.7 6.2
8“.7 -0.9
90.1 6.“
92.2‘ 3.7
95.0 13.2

Overall Mean

Overall Standard Deviation

N-10
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Appendix N-8

Differences between calculated ESL data and dosimeter data on a

3 . grade average (over all ships) basis with sub area averaging of
* measured noise levels.

‘ Leq Leg Difference
! . ‘ Ship No. Rate Calc. Dos. Dos.-Calc.
; : All Ships BT1 87.4 86.1 -1.3
! BT3 89.0 88.1 -0.9
BTFN 87.8 92.7 h.9
BTFR 88.3 91.5 3.2
MM3 86.2 89.7 3.5
MMFA 8502 8"07 -005
MMFN 85.5 90.1 4.6
1 MMFR 88.7 92.4 3.7
l FN 82.9 95.0 12.1
|
] Overall Mean 2.1
{ Overall Standard Deviation 4.5 L

N-11
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. < Appendix N-9

Differences between calculated ESL data and dosimeter data on a
grade average (over all ships) basis with general area averaging
of measured nolse levels.

o e ——

Leq Leq Difference
Ship No. Rate Calc. Dos. Dos.~-Calc.
All Ships BT1 87.6 86.1 -1.5
BT2 89.5 87.3 -2.2
BT3 89.3 88.1 -1.2
BTFN 88.3 92.7 4.4
BTFR 87.5 91.5 4.0
MM3 86.9 89.7 2.8
MMFN 86.0 90.1 4.1
MMFR 89.2 92.4 3.2
FN 83.3 95.0 11.7

Overall Mean 1l
Overall Standard Deviation y,







